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THE CHEMICAL SOCIETY 





SCIENTIFIC MEETINGS DURING APRIL AND MAY, 1950 
LONDON. 
Thursday, May 4th, 1950, at 7.15 p.m. 


Tilden Lecture, Recent Advances in the Chemistry of the Steroids, by Professor 
F. S. Spring, D.Sc., F.R.LC. 


To be given at the Royal Institution, Albemarle Street, W.1! 





BIRMINGHAM. 
Friday, May Sth, 1950, at 4.30 p.m. 


Lecture, The Shape of a Chemical Bond, by Professor C. A. Coulson, M.A., D.Sc. 


Joint meeting with the University Chemical Society to be held in the Main Chemistry Lecture 
Theatre, The University, Edgbaston, Birmingham. 





NORTH WALES. 
Thursday, May 4th, 1950, at 5.30 p.m. 
Lecture, Light-seattering and Chemistry, By Dr. E. J. Bowen, M.A., F.R.S. 


Joint meeting with University College of North Wales Chemical Society to be held in the 
Department of Chemistry, University College of North Wales, Bangor 





ST. ANDREWS AND DUNDEE. 
Thursday, April 6th, 1950, at 5.15 p.m. 


Lecture, Chemical Reactions Induced by Nuclear Radiations, by Dr. F. 5. Dainton, 
M.A. 


To be given in the Chemistry Lecture Theatre, University College, Dundee 





(Note: Not April 13th as previously announced ) 
Friday, April 7th, 1950, at 5.15 p.m. 


Lecture, Developments in the Chemistry of cycloHeptane Derivatives, by Professor 
R. D. Haworth, D.Se., F.R.S. 


Joint meeting with St. Andrews University Chemical Society to be held in the Chemistry 
Department, United College, St. Andrews 





SHEFFIELD. 
Thursday, April 27th, 1950, at 5.30 p.m. 


Tilden Lecture, Reeent Advances in the Chemistry of the Steroids, by Professor F. S. 
Spring, D.Sc., F.R.LC, 


Joint meeting with the oe Chemical Society to be held in the Chemistry Lecture 
Theatre, The University, S 











SOUTHAMPTON. 
Wednesday, April 26th, 1950, at 7 p.m. 
Lecture, Trace Elements in Plant Life, by Dr. W. A. Roach, A.R.CS., A.R.LC. 


Jott meeting with Mid-Southern Counties Section of the Royal Institute of Chemistry 
and Portemouth and District Chemical Society, to be held at the Municipal College, 
Portsmouth. 





Friday, May Sth, 1050, at 5 p.m. 





Lecture, Recent Synthetical Developments in Pyrethrum Chemistry, by Dr. S. H. 
Harper, A.R.C.S., D.LC. 


Joint meeting with University College College of Southampton Chemical Society, to be held in the 
Southampton 


Physics Department, University College, 





PROCEEDINGS 


CHEMICAL SOCIETY 





held at the Royal Institution, Albemarle Street, W.1, on Thursday, January 19th, 1950, 
at 7.15 p.m. 
The President, Sir Ian Hetpron, D.S.O., D.Se., LL.D., F.R.S., was in the Chair. 


MINUTES. 

The Minutes of the Scientific Meeting held at Burlington House on Thursday, December 
15th, 1949, were read, and were confirmed and signed. 
VACANCIES ON COUNCIL 1950—1951. 

The notice regarding vacant places on Council, due to be filled at the Annual General 
Meeting to be held in Edinburgh on March 29th, 1950, was read. 

FORMAL ADMISSION OF FELLOWS. 

The following were admitted Fellows of the Society: D. B. Freeman, J. D. Butler, 
Roy R. Bishop, M. F. Fletcher, D. T. King, F. S. Dainton, L. F. Oldfield, D. A. Andrews, 
J. W. Linnett, Thos. D. Brogan, J. A. Saunders, E. G. Jefferson, D. Bennion, L. Dewhirst, 
J. Stuart-Webb, James Daly. 

TILDEN LECTURE. 


After a brief introduction, the President called upon Professor M. G. Evans, F.R.S., 
to deliver the Tilden Lecture entitled, ‘‘ Studies on Electron-transfer Reactions.”’ 

At the conclusion of the Lecture, Professor C. E. H. Bawn proposed a vote of thanks 
to Professor Evans which was carried with acclamation. 


Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House on Thursday, February 2nd, 1950, at 7.15 p.m. 
The President, Srr Law Heitpron, D.S.O., D.Sc., LL.D., F.R.S., was in the Chair. 


MINUTES. 


The Minutes of the Scientific Meeting held on January 19th, 1950, at the Royal 
Institution, Albemarle Street, London, W.1, were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society: J. Sutton, C. B. Amphlett, 
J. Wright, Sidney Landsman, D. S. Papworth, A. J. Swallow, R. D. Mulley, E. M. Fenn, 
J. E. Humpoletz, 1. G. Ross. 
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SCIENTIFIC COMMUNICATIONS. 
The following papers were read and discussed 


The Structure of Molecular Compounds,’ by H. M. Powell 
Part VIIl. Compounds formed by the inert gases. 
Part VIII. The compound of krypton and quinol 
Chemical Actions of lonising Radiations on Aqueous Solutions,” by G. Stein and 

J. Weiss. 

Part |. Introduction and description of irradiation arrangements (with F. T 
Farmer) 

Part If, The action of X-rays on benzene and benzoic acid 

Part III, The action of neutrons and of alpha-particles on benzene. 

Part IV. The action of X-rays on some amino-acids 


OFFICIAL ANNOUNCEMENTS 
DEATHS 


The Council regret to announce the deaths of the following Fellows 


Elected, Died 
Charlies Edwin Barton (Northwood Hills) . Dec, Ind, 1997. Dee, 12th 
Albert Edward Gillam (Manchester) « 
1045 : May 7th, 1936 Jan. léth 
Herbert Edwin Jones (Northwich July #th, 1046 Oct. 10th, 
Harold Marmion Koyle (Southend-on-Sea). Dec. 7th, 1906 Aug. 24th 


ELECTION OF NEW FELLOWS. 


The following 52 candidates were elected Fellows of the Society on January 19th, 1060 
poanes Arthur Raymond Bates Ai Kim Kiang 
jleen Loraine Blackall Erik Larsson 
ohn Trevor Law 
Nalter Henry Lee 


Suiney Frank Bratisford : 
Richard Charles Braun 

John Henry Brookman Betty Florence Maude London 
Sidney Maurwe Budd Alan Peter Mac Kenzie 


Jayarajan Chanmagam 


John Russel! Clarke Betty Margaret Marshal! 
John Cameron Clune Peter Charles Merriman. 
John Samuel Collins William Allison Mosher 
Hazel Ginette Corbet Derek William Ockenden 
Stanley Jerome Cristo! Mrs. Eva Maria Philbin 
George Eric Derome Jack Watson Rasburn 
lames Forest John Rich 
Edward Malcom Fens dward John Sparks 
Norman G. Gaylor Leslie John Spencer 
Gordon Mernck Hankinson Hugo Stange 
— Marion Hartog Robert Stevenson 

ric William Hasler Victor Raymond Stimson 
Raymond Hemming Dennis Thompson 
Keith John Herntag Ronald Austin Thompson. 
Arthur Kenneth Holliday Enca Weiss 
Sheila Mary Hollingworth Kenneth Berle Wiberg 
Phillip Reid Jetternes 
Thomas Henry Kennedy 


Florence June Macrae 





Clarence Williams 
James Michell Wilhams, 
Michael Joseph Kenney John Radford Wilson 


MEETING OF COUNCIL. 


A Meeting of Council was held on January 19th, 1960 
The Council stood as a tribute to the memory of Dr. A. E. Gillam, Member of Council 
since 1948, whose death was reported 


The report of the meeting of the Publication Committee on December Lith, 1949, was 
adopted 





Acknowledgment was made to the Royal Society for a further grant of £200 from the 
Scientific Publications Grant-in-Aid towards the cost of publications for 1949. 

The Council noted that printing charges had been further increased by 5 per cent. as 
from the beginning of the year. 

It was noted with satisfaction that Mr. W. A. Bush of Los Angeles had made a 
donation of {3 10s. Od., the amount overpaid when remitting his annual subscription, and 
Council gave instructions for the following extract from his letter to be published : 


* T shall be much obliged to you (assuming that when all of these services are taken 
into consideration, I have overpaid) if you will kindly plow the amount of the over- 
payment into the Society's general funds. I think most of us members are still 
getting more than our money's worth and I know that I shall be happy to throw a 
little extra into the ‘ kitty.’ " 


A further grant from the Research Fund was authorised, Mr. R. C. Braun (Hendon 
Technical College) being awarded {35 for a research entitled, ‘‘ The Rate of Solution of 
Sodium Chloride in Liquid Solvents.’ 

QUARTERLY REVIEWS VOLUMES L—III. 

Fellows are reminded that all three volumes of the Quarterly Reviews, 1947-1949, are 
obtainable from the General Secretary at {1 10s. Od. per volume less Fellows’ discount of 
15 per cent. 

NOMINATIONS FOR VACANT PLACES ON COUNCIL, 1950-1951. 


The following is the list of nominations for vacant places on the Council which are due 
to be filled at the Annual General Meeting on March 29th, 1950. 


President. 


Proressor E. K. Ripeat (London). 
Vice-President, who has not filled the Office of President 9 (One Vacancy.) 


Proressor G. R. CLemo  (Newcastle-upon-Tyne). 
Proressor M. G. Evans (Manchester). 
Proressor R. P. Linsteap (London). 
Sir Joun SIMONSEN (London). 
Elected Ordinary Members of Council. 

Constituency I. (South-East England.) (J wo Vacancies.) 
Dr. J. S. ANDERSON (Harwell). 
Dr. Isupet G. M. CAMPBELL (Southampton). 
Dr. J. Catt (Welwyn). 
Dr. L. N. Owen (London) 
Proressor Gwyn Wititams (London) 


Constituency IV. (North-East England.) (7 wo Vacancies.) 
Proressor L. Hunter (Leicester). 
Proressor F. E. Kine (Nottingham) 
Dr. R. Raper (Durham) 
Dr. T. S. STEVENS (Sheffield) 


Ballot papers have been dispatched to Fellows, 


RESEARCH FUND. 


A meeting of the Research Fund Committee will be held in June next. 

Applications for Grants, to be made on forms obtainable from the General Secretary, 
must be received on or before May Ist, 1950. Applications from Fellows will receive prior 
consideration. 








Attention is drawn to the fact that the income arising from the Donation of the 
Worshipful Company of Goldsmiths is principally devoted to the encouragement of 
research in Inorganic and Metallurgical Chemistry, and that the income from the Perkin 
Memorial Fund is to be applied to investigations relating to problems connected with the 
Coal Tar and Allied Industries. 


In accordance with the Trust Deed governing the Harrison Memorial Fund, the Selection 
Committee, consisting of the Presidents of the Chemical Society, the Royal Institute of 
Chemistry, the Society of Chemical Industry, and the Pharmaceutical Society, will proceed 
to make an award of the Harrison Memorial Prize in December 1950, subject to the 
condition that the Selection Committee shali be of opinion that there is a candidate of 
sufficient distinction to warrant an award of the Prize. 

The Prize, not exceeding £150, will be awarded to the chemist of either sex, being a 
natural-born British subject and not at the time over thirty years of age, who, in the 
opinion of the Selection Committee, shall, during the previous five years, have conducted 
the most meritorious and promising original investigations in Chemistry and published 
the results of those investigations in a scientific periodical or periodicals. 

Applications, five copies of which must be submitted, should give the name of the 
applicant (in full); age (birth certificate must accompany the application); degrees (with 
name of University); any other qualifications and experience ; titles of published papers 
(with co-authors names) including full references to publication; where research was 
carried out; testimonials and references; and any other particulars bearing on the 
application. 

The Selection Committee is prepared to consider applications, nominations, or inform- 
ation as to candidates eligible for the Prize. Any such communication must be received 
by the President, The Chemical Society, Burlington House, Piccadilly, London, W.1, not 
later than Friday, December 1st, 1950. Candidates must not have attained the age of 
thirty years at this date 


LIBRARY. 


The Library will close for the Easter holiday at 1 p.m. on Thursday, April 6th and 
re-open at 10 a.m. on Wednesday, April 12th, 1950 


MEETINGS OUTSIDE LONDON. 
BIRMINGHAM 


“ The Separation and Determination of the Sugars and their Derivatives," by Dr. 
J. KN. Jones, M.Se., A.R.LC, 


A joint meeting with the University Chemical Society was held in the Chemistry 
Department of the University on January 20th, 1950, with Professor M. Stacey in the 
Chair. 

The Lecturer gave a brief description of the classical methods employed for the charac- 
terisation and determination of the sugars and of their derivatives. These methods are 
dependent upon either the presence of reducing aldehydic, or ketonic, groupings or the 
formation of a derivative of furan and its subsequent detection as a coloured compound. 

The application of paper-partition chromatography to the separation and determination 
of the sugars on the micro- and semi-micro scale was then described. This process has 
greatly facilitated the separation, identification, and determination of the sugars and of 
their derivatives. The separated sugars may be determined by colorimetric or by 
titration methods. It was shown that sugar mixtures could be separated by partition 
chromatography on columns of cellulose, the eluate being collected by means of an auto- 
matic fraction-collecting machine. The application of this new analytical method to 
various carbohydrate problems was described 





An interesting discussion followed the lecture, after which a vote of thanks, proposed 
by Dr. E. J. Bourne, was carried with enthusiasm. 


EBINBURGH. 

Display of Scientific Films. 

A joint meeting with the local sections of the Royal Institute of Chemistry and the 
Society of Chemical Industry was held in the Young Men's Christian Association Hall, St. 
Andrews Street, Edinburgh, on December 8th, 1949, with Mr. R. G. Thin, F.R.LC., in 
the Chair. 

A number of interesting scientific films were shown and included “ Crystal Growth,”’ 
“The Discovery of a New Pigment,’ “ Colour,”’ ‘‘ Radar Record,” “ Nature of 
Plastics,"’ and ‘ The Manufacture of Whisky.” 

The meeting concluded with a vote of thanks to Dr. G. Barclay for arranging the 
meeting. 


“The Deflocculation of Long-fibred Pulps by Mucilages,"” by Dr. H. Ainsworth 
Harrison, M.Sc., F.R.LC. 

A joint meeting with the local sections of the Royal Institute of Chemistry and Society 
of Chemical Industry was held in the North British Station Hotel on January 19th, 1950, 
with Professor S. J. Watson in the Chair. 

Dr. Harrison described entertainingly the significance and potentiality of using gums 
in paper manufacture, and illustrated his remarks by exhibiting many samples and 
specimens. A lively discussion terminated with a vote of thanks moved by Dr. K. F. 
MacBean. 


“The Reactions of Carbon Monoxide and Oxygen on Copper Oxide,"’ by Professor 
W. E. Garner, C.B.E., F.R.S. 

A joint meeting with the Local Sections of the Royal Institute of Chemistry and the 
Society of Chemical Industry and the Edinburgh University Society was held in the 


Biochemistry Lecture Theatre of the University on February 7th, 1950, with Mr. A. A. 
Woodham in the Chair. 

Professor Garner gave a most interesting account of how the results obtained by himself 
and his collaborators are interpreted in terms of modern theory. A vote of thanks, moved 
by Dr. C. F. H. Tipper and seconded by Professor J. P. Kendall, F.R.S., was carried with 
acclamation. 


IRISH REPUBLIC. 


“‘ The Cortisone Problem,"’ by Professor E. R. H. Jones, D.Sc., F.R.LC. 


A meeting was held in the Chemistry Lecture Theatre, University College, Upper 
Merrion Street, Dublin, on January Ith, 1950, with Dr. V. C. Barry in the Chair. 

Professor Jones stated that during the past year information has become available 
concerning the successful treatment of rheumatoid arthritis with a steroid hormone known 
variously under the names of 17-hydroxy-11-dehydrocorticosterone, Kendall's Compound 
E, or Cortisone. This hormone is one of the twenty-eight crystalline substances which 
have been isolated from the adrenal cortex during the past twelve years as a result of the 
remarkable investigations of Kendall, Reichstein, Wintersteiner, and Pfifiner, and their 
collaborators. It can be isolated only in minute quantities from natural sources, but the 
treatment, on the other hand, requires the continued administration of at least LOO mg. 
per day. It has only been made available for clinical trials as a result of a most gallant 
piece of synthetic work by Sarett, who obtained it from deoxycholic acid by a procedure 
involving more than thirty consecutive steps in an overall yield of the order of 0-1 per cent. 

The various stages involved in the partial synthesis of cortisone were discussed, and 
several directions in which the solution to the cortisone problem might be sought were 
indicated. Ree Se Pe ae thesis from other naturally occurring 
steroids, ¢.g., sarmentogenin obtained Main Ws wale of Ga tepieal vine Seuphantios 
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sarmeniowus. The influence of structural features on the arthritic activity of cortisone- 
like molecules and the possibility of total synthesis were also examined. 

It is known that an extract of the anterior lobe of the pituitary gland, the adreno- 
corticotrophic hormone (ACTH), which presumably activates the adrenal gland to produce 
cortisone, is also effective in relieving arthritic symptoms. This hormone, which is known 
to be of a protein-like nature, has been degraded by Li by hydrolysis with pepsin, and 
active dialysable fragments retaining considerable adrenal-stimulating activity are 
produced. These fragments contain on an average about seven peptide units, and it is 
likely that information concerning the constituent amino acids and their sequence will 
be forthcoming in the not too distant future. The solution of the cortisone problem may 
follow the synthesis of such peptides. 

An interesting discussion followed the lecture, and the thanks of the meeting were 
conveyed to Professor Jones by the Chairman 


LIVERPOOL 


“The Biological Oxidation of Certain Aromatic Compounds with Special Reference to 
the Bacterial Cleavage of the Benzene Ring,’’ by Dr. W. C. Evans. 

A meeting was held in the Chemistry Lecture Theatre of the University on December 
15th, 1949, with Professor R. A. Morton in the Chair 

The appreciation of the audience was demonstrated by the lengthy and vigorous 


discussion which followed. A vote of thanks, proposed by Dr. R. J. 5. Beer, was carried 
with acclamation 


NORTH WALES 
Some Aspects of the Chemistry of Simple Peptides,’’ by Professor F. E. King, M.A., 


D.S« 


A joint meeting with University College of North Wales Chemical Society was held at 
Bangor on February 2nd, 1950, with Mr. 5. J. Pirt in the Chair 

Following a brief consideration of the chemical nature of peptides and synthetic 
methods devised by Emil Fischer, Professor King went on to describe the advantages of 
the carbobenzyloxy- and phthalic anhydride methods of synthesis, particularly in respect of 
peptides containing dibasic acid residues. The syntheses of «peptides, such as glutamine, 
were outlined. The folic acid series of growth factors were discussed, and their relation 
ships to pteroic acid derivatives were explained. The characteristics and attempted 
syntheses of the peptide from anthrax bacillus, of strepogenin, and of lyvcomarasmin were 
described 

An enthusiastic vote of thanks was accorded on the call of Dr. F. H. Newth 


LIST OF APPLICATIONS FOR FFLLOWSHIP 


Fellows wishing to lodge objections to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal for February, 1950. Such 
yectioms anll he treated as comfidential The forms of application are available in the Library 


Aloook, Margaret. Hritish. 10, Dovedale Avenue, Droylsden, Manchester. Research Chemist at Thomas 
a : , Ashton -under-Lyne Signed by D. M. Lever, E. Whalley, L. E. Martin 
Hi S« Lond Dritish. 27. Woodville Gardens, Ealing, W5 Micro- 
Saugued by Db. W. Kent.jones, G. B. Thackray, R. A. Knight 
* Allerton, Roy, f.S< (Hirm.). British 101, Oakfield Road, Selly Park, Birmingham, 29. Research 
Student at Mirmingham University Sagned by L. L. Bircumshaw, W. G. Overend, P. W. Kent 
Beesley, Jack Antony, BSc (Hirm), A RILC British 19, Southwick Street, W.2. Senior Chemist 
at Mesers. |] Lyons & Co. Ltd W114. Signed by }. 1. Bushill, D. H. Clayson, J. C. Baker 
*Bell, Ernest Arthar, 1) Se (Deneim |) ARI British. Department of Biochemistry, Trinity College, 
Dublin. University Lecturer Signed by - C. Lipman, W. Cocker, K. C. Bailey 
Bell, Jack Gorman, !) S« (Load Biritesh.. 15, Grosvenor Road, Haydock, Lancs. Church of England 
Lay Worker Signed by }. MeLintock, A. Walton, L. A. Haddock 
*Beton, June Annette, 1) S (Man Piritieh. 20, Norman Road, Sale, Manchester Research Chemist 
Signed by =1 FE Balaban, B. E. Wilde, J. A. Calderwood 
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*Brown, Henry. [iritish. %2, Lowerhouse Lane, Burnley, Lancs. Student. Signed by » A. Walton, 
}]. E. Wynfield Rhodes, V. G. Jolly. 

Clark, Edward Raymond, 8 Pharm. (Wales), Ph.D. (Lond), A.R.LC. British. Department of Organic 
Chemistry, The University, Leeds, 2. Assistant Lecturer. Signed by : J. W. Baker, E. Rothstein, 
F.C 

*Cole, Donald John. British. 71, Primrose Avenue, Chadwell Heath, Romford. Research Chemist 
Signed by : A. E. Lilly, D. M. Page, E. F. G. Thorpe 

*Cole, Sylvia Louise, B.A. (Cantab). British. 276, Milton Road, Cambridge. ‘Scientific Information 
Officer. Signed by : A. H. Cooper, M. Oliver, T. Renrtle 

Comrie, Allan MelIntyre, B.Sc. (Glas), ARC, MPS. British, 36, Denard Street, Glasgow, N.W. 
Pharmacy Stafi, Royal Technical College, Glasgow. Signed by - H. G. A. Anderson, W. A. Alex- 
ander, J. McLean 

Ronald Ian Talbot. British. Clare College, Cambridge. Student. Signed by: F. G 
Mann, J. Harley Mason, P. Maitland, B. C. Saunders 
John Currah, B.Sc. (Lond). British. 1, Gerard Road. Harrow. Research Chemist at 
National Institute of Medical Research. Signed by : C. R. Harington, D. F. Elliott, MH. King 

Cundall, John Henry. British 27, Albine Street, Moston, Manchester. Student at Royal Technical 
College, Stafford. Signed by : R. J. W. Reynolds, E. B. Robinson, D. M. Lever 

Davies, John Arthur Melfryn, B.Sc. (Wales). British. 8 Abbey Road, Port Talbot, Glamorgan 
Assistant Master. Signed by : E. E. Ayling, C. W. Shoppee, R. H. Davies 

Davies, Rhys Glyn, M.Sc. (Wales). British. Penparc, Bryntirion Mill, Bridgend, Glamorgan 
Assistant Kesearch Superintendent. Signed by ; C. B. Monk, J. B. Bowen, C. W. Davies 

Dawson, William, B.Sc. (Lond.), A-R.L.C. British. c/o Matheson, 32, Croftside Avenue, Glasgow, 5.4 
Research Student. Signed by : D. W.C. Ramsay, R. Stevenson, J. Mclean 

Doull, Alexander Clark. [ritish. 10, Alexander Drive, Alloa, Clackmannanshire. Head Brewer and 
Director, George Younger & Son, Ltd., Alloa. Signed by ; 1. M. Heilbron, E. N. Hamnett, A. H 
Cook 

Simpson, B.Sc. (Glas.). British. 20b, The Esplanade, Greenock, Renfrewshire 
Research Student. 5S ; . Speakman, j.D Loudon, J C. James 
. British. “* Carriglea,” Old Nazeing Road, Broxbourne, Herts 
Research Chemist at Allen and Hanburys Ltd., Ware. Signed by: N. R. Campbell, M. E. H 
Fitzgerald, J. H. Hunt. 

Edward, John Thomas, B.Sc. and Ph.D. (McGill), D.Phil. (Oxon.). Canadian. Chemistry Department, 
The University, Birmingham, 15. L.C.1. Research Fellow. Signed by ; L. L. Bircumshaw, W. G 
Overend, P. W. Kent. 

Trevor. British. “ Marville,” Constable Road, Hornsea, E. Yorks. Assistant Analytical 
Chemist. Signed by: A. P. Backshell, G. R. Jenkinson, L. Baimforth 

*Evans, David Darwin, B.Sc. (Wales), A.R.C. British. University College, Singleton Park, Swansea 
Research Student. Signed by : R. H. Davies, E. E. Ayling, G. Roberts 

Ferrior, Richard, MPS. [British 24a, Portland Place, W.1. Technical Adviser. Signed by > H. ¢ 
rae ig vd C. Kemplay, H. Lucas 

ohn Kenneth, AK.1C. British, A. & R. Scott, Led., West Mills, Colinton, Midlothian 
— Day er : > M. Dakers, H. B. Nisbet, A. Mackie 

Goodman, Colin Howard (Oxen.). British. 10, Hollyeroft Avenue, Hampstead, N.W.3 
Research Student. : >. W. Jones, W. B. Pearson, D. G. Thomas 

Harpur, William Ware. Hiritish. 17, Chlorine Gardens, Malone Road, Belfast. Student at Queen's 
University. Signed by > H. Graham, C. L. Wilson, R. G. R. Bacon 

Lyle Kermit, B.Ch.E. (Ohio State), M.S., Ph.D., and Ch.E. (W. Virginia). American. c/o Dr 
G. D. Byrkit, Mathieson Chemical Corp oration, Niagara Falls, N.Y. Director of Research. Signed 
by . H. M. Grotta, C. L. Wilson, F. D. Snell 

Heslop, James Alexander Barry, M.A. (Oxon.). British. 9%, Glendale Avenue, Edgware, Middlesex 
Student at Merton College, Oxford. Signed by : C. S. G. Phillips, D. H. James, F. M. Brewer 

Hookway, Harry Thurston, Ph.D). (Lond), F.RLC. British, 26, Court Drive, Wadden, Croydon 
Senior Scientific Officer, D.S.1.R. Signed by : G. A. H. Elton, C. L. Arcus, A. G. Davies 

William Clarke, 8.A. (Toronto). Canadian Maclirayne Hall, 11, Park Cireus Place, Glas 
Research Student at Glasgow University. Signed by : A. Rutherford, J. C. D. Brand 
>, Speakman. i 
“Howie, John Rosindale. British. 39, Sitwell Street, Spondon, Derby. Student at Nottingham 
University, Signed by - D. O. Jordan, C. C. Addison, B. D. Shaw - 

Hughes, John Sylvan, B.Sc. (Lond), F.R.LC. British. 31, Victoria Park Road East, Cardiff. Chief 
Assistant Chemist to Public Analyst. Signed by - S. Dixon, H. B. Watson, J. Ormeton 

Jackson, Graham George. British. 27, Knyvetan Road, Bournemouth. Student. Signed by - BE. A 
Seeley, A. S. Carlos, A. D. 

Jelfs, Ernest Charles Groves, B.Sc. (Lond). British. 33, Springfield Avenue, Banbury, Oxon. Research 
pone yg Esso Development Co., Abingdon. Signed by: E. B. Evans, J. D. Sandrock, A. M 


“Joes, Maarice Harry, B.Sc. (Lond.). British. 39. Elm Grove, Peckham, S.E.15. Research Student 
at University College, London. Signed by ; E. D. Hughes, D. A. Davenport, C. K. Ingold 
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Jones, William Peter Robert, B.Sc. (Lond) British. 10, Brooklyn Court, Loughton, Essex. Chemist. 

Signed by : F. Poppeladorfl, H. T. Young, P. Scott. 

Manfred, B.Sc. (Witwatersrand). South African. 18, Elvetham Read, Edgbaston, Birming- 
ham, 15. Research Chemist. Signed by © M. Gordon, C. BE. Kendall, W. H. T. Davison 

Rowan Stanley. Pritich. Downs, Highways Hostel, Euxton, Nr. Chorley. With Chemical 
nepectorate, Ministry of Supply. Signed by - T. P. Gervis, F. M. Bolton, A. E. Ross. 

Devid. British. Magdalen College, Oxford. Undergraduate. Signed ty 
B. RK. Brown, A. W. Biriey 


“Less, Peter, B.Sc. (Duneim.) 
Student ‘ " 


Jesus College, "Oxford Research Student. Signed 
, G. T. Young 
. 2, Mollie Lecas Koad, Kings Heath, Birmingham, 14. Chief Chemical 
Signed by > L. L og eee BB. M. Newman, F. M. Tayler 
ARLC. British. 177, Stevenson Street, Liverpool, 15. Research Chemist with LCI 
L. J. Burrage, A. G. Jones, H. K. Southern 
Lord, British. 37, Woodland Avenue, Hove, 4. Wholesale Chemist. Signed by J. T 
Settermgton, J. R. Mansell, R. Goode 
*MePariane, Neil, B.Sc (Glas). British. </o Webb, 6, Huncoat Avenue, Heaton Chapel, Stockport 
Production Chemist at British Schering Ltd. Hazel Grove, Cheshire. Signed by - E. Booth, 
). A. Beardall, EB. N. Abrahart 
Mackenzie, Hector Douglas, B.Sc. (Birm.). Hiritish. 99, Holifast Road, Sutton Cokifield, Warwick- 
~ Research Student at Birmingham University. Signed by - L. L. Bircumshaw, J. C. Tatiow, 
. F. Wiggins 
Mason, Harol4, A RIC. British 12, Dymock Road, Preston. Senior Scientific Officer with Ministry 
of Supply. Signed by : J. R. Sanderson, F. M. Bolton, T. P. Gervis 
Moerian, Rudolk Christian, Ph.) (Basic), Swiss 162, Irlam Road, Plixton, Nr. Manchester. Organic 
Chemist at the British Rayon Research Association. Signed by » D. 1. McGilvray, J. L. Bollard 
}. Wilson 
“Meyer, Peter. firitish 1, Glenmore House, Richmond Hill, Richmond. Student at Bristol Uni 
versity. Signed by: F. H. Pollard, J. K. N. Jones, L. Hough 
*Milward, Gervaise Laigi, B.A. (Oxon). British 11, Dewas Road, Wimbledon, SW. 20 Scientitik 
Officer at the Chemical Research Laboratory, D.S.1.R., Teddington. Signed by T. V. Arden 
M. Corner, F. H. Barstall 


. Francis Nigel Arnold. Hiritish 4, Stockton Lane, York. Student. Signed by: S. J 
Pry, K King, H. Pine 
Desmond 


Wiliam, M.Sc. (Lond), ARLC. British, 70, Marlborough Park South, Belfast 
Secondary School Chemistry Master. Signed by - G. A. Dinsmore, F. Bell, 1. F. B. Smyth 
Nurse, Ronald Walter Brown, M.Sc. (Lond), F Inst.P. British Building Research Station, Bucknalls 
Lane, Garston, Watford. Principal Scientific Officer. Signed by - F. M. Lea, D. G. R. Bonnell, 
B. Butterworth 
*Prestt, Brenda Mary, ) Sc. (Lond), A R.LC. British. University College, University Road, Leicester 
Assistant Lecturer Signed by - L. Henter, E. R. A. Peeling, F. R. Shaw 
*Pryde, Alan Millam, AKI. British. 13, Viewforth Gardens, Edinburgh, 10. Research Stedent 
at Heriot-Watt College, Edinburgh. Signed by : H. B. Nisbet, KR. G. M. Dakers, A. Mackie 
Geoffrey Norman, i Sc. (Hirm.). Hiritish. 68, Lawrence Lane, Old Hill, Staffs. Student 
Signed by: L. L. Bircumshaw, L. F. Wiggins, D. A. Higgins 
William Robert. [iritish. 362, Cardiff Road, Aberdare, Glamorgan. Student at Bristol 
University, Signed by: F. H. Pollard, J. K. N. Jones, L. Hough 
Bagh. [British 2 Cullen Street, Liverpool, 6 Analytical Chemist 
Signed by. L. H. G, Green, W. T. Carter, N. A. Pryce 
Clarence, MSc. and Ph.D. (Birm.). British. clo Murex Welding Processes Ltd., 
Hertford Road, Waltham Cross. Research Manager. Signed by © W. Wardlaw, D. J. G. Ives, 
Vv. M. Ingram 
*Seott, James Anderson, I) Sc. (Glas) Hiritish 60, Bellahouston Drive, Glasgow, SW. 2. Research 
Student. Signed by - |. D. Loudon, ]. C. Speakman, C. Buchanan 
*Sidlow, Richard, A BR.‘ British. 46. Stanley Gardens, Orrel| Park, Liverpool, 9 Research 
Chemist. Signed by - 5. Hill, C. Broombead, G. P. C. Chambers 
Stephens, David, MA. and BSc. (Oxon) British, c/o 1, Young's Rise, Welwyn Garden City 
Technical Officer at L.C.1. Plastics Division. Signed by » J. D. Burnett, J]. W. C. Crawford, P. A 
Small 
Sugeate, Harold Gordon, fi Sc (Lond), ARI British. %, Ardleigh Green Road, Hornchurch. 
Senior Manufacturing Chemist at Iiford, Ltd. Signed by ]. D. Kendall, V. Gallafent, R. B 
Collins 
*Tabor, Bryan Ernest. [iritixh. 5, Argyle Koad, North Harrow. Student. Signed by HM. T. S 
Britton, R. King, S. J. Gregg 
Taeuber, Harold, Wr rer oat. (Prague). Czech. 10, Netheravon Road, W.4 Divisional Chemist, The 
Coca-Cola Co., London. Signed by » O. H. Geliner, L. H. Harris, G. Lewi 





*Thomas, Arthur Derrick. British. 171, North Grove, Tottenham, N. 15. Student at Northern Poly- 
technic, N.7. Signed by > W. Gerrard, W. A. Smeaton, A. B. Simmonds. 

Thomson, Mrs. Christina Macgregor, B.Sc. (Gilas.). British. c/o Paterson, 45, Clouston Street, Glasgow, 
e Research Student at Glasgow University. Signed by - J]. M. Robertson, T. H. Goodwing 
. C. Speakman. 

Thomson, Samuel James, B.Sc. (Glas). British. c/o Paterson, 45, Clouston Street, , NW, 
Assistant in Chemistry at Glasgow University. Signed by ; |. Bell, T. H. Goodwin, J. M 

Oe To eee aoe ee American. Midwest Research Institute, 

A * Chairman, Chemistry Research Division. 


. . Dundonald, Co. Down. Demonstrator 
» H. Graham, R. C. Pink, R. G. R. Bacon. 
. ARLC British, 2b, Oxford Road, 


British. 2, Purnace Lane, Woodhouse Mill, Sheffield. Research 
“signed by : R. D. Haworth, E. G. Turner, C. J. Threlfall. 


. 1, Whitemere Drive, Heaton Park, Manchester. Research 

—= at Manchester University. Signed by ; H. B. Herbert, T. G. Halsall, T. N. Quibell. 
Yost, John Franklin, 8.5. (Western Maryland Coll.) and M.A. (Johns Hopkins). American. Brodbecks, 
The Johns Hopkins University. Signed by: E. B. Reid, D. H 


Biake, Richard Charlies, B.Sc. (Sydney). British. 68, Bellevue Road, Bellevue Hill, N.S.W_, Australia. 
Technical Officer, Imperial Chemical Industries of Australia and New Zealand. Signed by : 
E. B. J. Smith. 

Bradlow, Herbert Leon, B.S. (Penn.), M.S and Ph.D. (Kansas). American. Chemistry Dagerment, 


American. Box 52, Department of Chemistry, Havemeyer 
Hail, Columbia University, New York 27. Student. Signed by - D. Y. Curtin 
Farber, Milton, B.S. (City College, N.Y.), A.M. and Ph.D. (Columbia). 
Avenue, New York 60, N.Y. Research Chemist. ~ ght w. 


, Otto . , . (21b), Dortmand- 
Eving, ‘Germany, British Zone. Lecturer at Munster University, President of the Geselischaft far 
: S. R. Carter. 
Corporation Commercial Boliviana $.A., Casilla 397, Cochabamba 
and Chemist for Oil and Cake Mill. Signed by: J]. S. Merry 
Phillip Murray, jun., B.S. (Stanford Univ.)}. American. 1287E. Woodland Avenue, Chico, Cali- 
fornia. Student at Stanford University. Signed by: R. E. Swain 
Kade, Charles Frederick, jun., 1) A oe M.S. (North Dakota Agric. Coll.), Ph.D. (Illinois) 


. Horning. 
Meciboom, Charles Jove Richard, 1 S< (Lond.), AR.CS., ARLC. British. Administracion, Fabrica 
de Alpargatas, Isidora Maria 1631, Montevideo, Uruguay. Chief Chemist. Signed by 


Student. 


. American. Radiation Laboratory, University of Cali- 
Research Chemist. Signed by - H. Hauptmann. 
. (Pittsburgh). American. Reed & Carnrick, 155, Van Wagenen 
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Wildi, Bernard Syivester, P') 0 (Ohio), American. Chemistry Department, Florida State University, 
Taliahassee, Florkia. Assistant Professor of Chemistry. Signed by © W. L. Mosby 


* Reduced annua! subscription 


PAPERS RECEIVED. 
(List of papers received between January 6th and February 9th, 1950.) 


‘ Some compounds related to the aromatic nitrogen mustards."’ By Grorce A. R. Kon 
and Joun |. Roserrs 

Steroids and related compounds. Part VIII. Some transformation products of 
5-methy!-10-norandrost-8(9)-ene-3 : 6-diol-17-one."" By M. Davis and V. Petrrow. 

‘ Germanium ferrocyanide.’ By M. Petsacn, W. Pucn, and F. Senpa 

" The system AL,(SO,),-H,SO,-H,O."” By Duncan Taytor. 

’ Esters containing phosphorus. Part X. Radioactive diisopropyl flucrophosphonate.’ 
By B. C. Saunpers and T. S. Woxtny 

’ The orientation of disubstituted fluoranthene derivatives.’ By Neu Campserr, W. W. 
Easton, (Miss) J. L. Rayment, and (in part) J. F. K. Wivsaies 

’ Dinitrophenylhydrazones of the halogenobenzaldehydes."" By O. L. Brapy and S. G 
JARRETI 

‘The replacement of the halogen group of acetohalogeno-sugars with retention of con 
figuration.’ By G. A. Howaxp 

‘Experiments on the synthesis of the pyrethrins. Part IV. Synthesis of cinerone 
cinerolone, and cinerin-I."" By Leste Cromapre and Stan tey H. Haxgrer 

‘The kinetics of the decomposition of nickel formate.” By L. L. Bircumsuaw and 
Josern Epwarps, 

“ Syntheses of some derivatives of 4-aza- and of 2: 4-diaza-fluoranthene By J. W. 
Cook and J. S. Morarr. 

‘A reversible indicator for use in titrations with potassium iodate.”” By R. Betcuer 
and S. J. CLARK. 

' Polynuclear complexes of lanthanon sulphates.”” By R. C. Vickery. 

‘ The prepatation of hexafluoroniobates, hexafluorotantalates, and hexafluorobismuthates 
by means of bromine trifluoride."" By V. Gutmann and H. J. Emeréus 

‘The preparation of complex fluoro-acid salts of metals and of the nitronium ion by 
means of bromine trifluoride." By A. A. Woorr and H. J, Emertvs 

The preparation of nitrosyl complex fluorides and of fluorosulphonates by means of 

bromine trifluoride By A. A. Woo. 

Synthesis of 2. 3-dimethy!l L-rhamnose; the action of sodium meta-periodate on 2°: 3 
and 3; 4-dimethyl L-rhamnoses."" By F. Brown, L. Houcu, and J. K. N. Jones 
The structure of Sterculdia setigera gum. Part Il. An investigation by the method of 

paper-partition chromatography of the products of hydrolysis of the methylated 
gum." By L. Hoven and J. K. N. Jones 
‘The structure of some diamines prepared by the Mannich reaction By H. M. E 
LARDWELI 
Some reactions of thiacyclohexan-4-one and l-alky!-4-piperidones 
CARDWELI 
Hydrolysis products of p-bromobenzylthiuronium bromice By H. M. E. Carnweu 
‘ Oxidation of aldehydes in the gaseous phase. Part III. The inhibition of the oxidation 
of acetaldehyde by nitrogen peroxide By C. A. McDowett and J. H. Tuomas 
The nucleic acids of normal and tumour tissues. The preparation and composition of 
a pentosenucleic acid from the fowl sarcoma G.R.C.HL1S By R.N. Beare, R. J. ¢ 
Haxgets, and E. M. PF. Ror 
Quantitative studies of the reactivities of mixed carboxylic acid anbydrides. Partl. The 
composition of the acylation production in the reaction between acetic chloroacetix 
anhydride and primary aromatic amines By A. R. Emery and V. Goi» 
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* Quantitative studies of the reactivities of mixed carboxylic acid anhydrides. Part II. 
The determination of some reaction velocities involving acetic chloroacetic anhydride.”’ 
By A. R. Emery and V. Got. 

‘* Quantitative studies of the reactivities of mixed carboxylic acid anhydrides. Part III. 
The hydrolysis and some acylation reactions of a series of acetic chloroaliphatic acid 
anhydrides.’” By A. R. Emery and V. Gorp. 

‘ The reduction of ortho-quinones with lithium aluminium hydride."" By J. Boorn, E. 
Boy.anp, and E. E. Turner. 

‘‘ 4-Aminosalicylic acid. Part II. The synthesis of 4-amino-2 : 5-dihydroxybenzoic acid 
and 4-amino-2 : 3-dihydroxybenzoic acid."" By S. C. Buatrracnaryva and D. E. 
SEYMOUR. 

“ Lanosterol. Part IX. Ketodihydrolanosterol."” By M. J. Brrcuenoven and J. F. 
McGuire. 

‘‘ Some halogeno-derivatives of 2 : 3-benzacridine."" By Bripcet Cairns and WiittaM O. 
KERMACK. 

‘ The reaction of poly(methyacrylamide) with hypohalite."" By C. L. Arcus. 

‘Structure and antimalarial activity. Part IV. Benziminazoles and _ thioldihydro- 
glyoxalines.”’ By A. T. James and E. E. Turner. 

‘' Thermodynamic factors in stereo-specific processes. The transformation of the dia- 
stereoisomers of brucine 2'-(1-hydroxyisopropyl)diphenyl-2-carboxylate."" By H. 
Kacser and A. R. UBBELOHDE. 

‘' The reaction of fluorine with the oxides and oxy-compounds of manganese and rhenium.” 
By E. E. Aynsiey, R. D. Peacock, and P. L. Roprnson. 

The synthesis of derivatives of 5: 6-dihydroxyindole. Part II. 5 : 6-Dihydroxyindole 
and related compounds." By H. Burton, (Miss) J. A. Durrrecp, and P. F.G, Pram. 

‘* Sn*+ in electron-transfer reactions."" By R. C. Vickery. 

“ A note on the Raman spectrum of the AuCl, ion.”” By J. D. S. Goutpen, ALLAN 
Maccoit, and D. J. MILLEN. 

‘ C-Acetylation of «-$’-naphthindole derivatives."" By S. G. P. PLant and M. W. 
THOMPSON. 

‘A reversible indicator for use in oxidimetric titrations with standard sodium hydro- 
chiorite."" By R. BeLcner. 

A critical review of suggested values for the dissociation energy of fluorine." By M. G, 
Evans, E. WAruurst, and E. Warrrte. 

‘ Strychnine and brucine. Part LI. Oxypsewdostrychnine.”’ By C. A. FriepMann. 

The constitution of xylan from Esparto grass (Stipa tenacissima, L.)."" By S. K. 
CHanpDaA, E. L. Hirst, J. K. N. Jones, and E. G. V. Percivar. 

Reactions of «-cyanoprene (l-cyanobuta-1 : 3-diene). Part IIT. Dimers."’ By (Mrs.) 
J. L. Cuaruisu and W. H. Davies. 

Deoxy-sugars. Part XII. Experiments with the O- and the N-glycosides of some 
deoxy-sugars."" By K. Butier, S. Lacanp, W. G. Overenp, and M. Stacey. 

The formation of osazones. Part I. The reaction of 2-hydroxycyclohexanone with 
aryl hydrazines."’ By G. J. BLomnk and K. H. PAvsacKker. 

“ Thermal cyclisation of 0-aroyloxyacetoarones. A new synthesis of flavones.”’ By 
(Miss) A. T. M. Dunne, J. E. Gowan, Joun Keane, B. M. O'’Ketty, Dents O'SuLi- 
VAN, (Miss) M. M. Rocue, P. M. Ryan, and T. S. WHEELER. 

‘ Substituted anthracene derivatives. Part I. cis- and trans-9 ; 10-Dimethyl-9 : 10-di- 
hydroanthracene."’ By G. M. BapGer, (Miss) M. L. Jones, and R. S. Pearce. 
Preparation of ethynylcarbinols from the bisulphite compounds of aldehydes and 

ketones."” By J. Cymerman and K. J. Wirks. 

 Pickeringite and the system MgSO,-Al,(SO,),-H,O." By Henry Basserr and 
Witiram Watt. 

‘The estimation of selenate and the preparation of some aluminium selenates."’ By 
HENRY Bassett. 

‘‘ The nucleic acid content of Bact. lactis aerogenes.'" By P. C. CaLpwewr and Sim Cyrit 
HINSHELWOOD. 








" Reactions of the alkylsulphate ion. Part 1. 


Kinetics and mechanism of the reaction 


with hydroxide ion."' By G. H. Green and J. Kenyon. 


’ Reactions of the alkylsulphate ion. Part II. 


Kinetics and mechanism of the reaction 


with phenoxide ion and the polar efiects of substituents in the phenol nucleus."' By 


G. H. Gueew and J. Kenyon. 
The bromination of allylbenzene.”’ 
R. Pexez Ossonio. 
The Sommelet reaction. Part II. 


By M. Lora-Tamayo, F. Martin-Panizo, and 
Choice of solvent and the effiect of substituents.’’ 


By S. J. Anovaz, (Miss) P. J. Moris, J. R. Tereaz, and J. G. Witson. 


| The phenazine senes. Part VIII. 


The constitution of the pigment of Chromobacterium 


By G. R. Cuemo and A. F. Dacuisu. 


> Aryl-2-halogenoalkylamines. 
alkylamines. 


Part VII. 


Some derivatives of 2-naphthy!-di-2’-halogeno- 
By W. Davis, J. L. Evererr, and W. C. J. Ross. 


ADDITIONS TO THE LIBRARY 


I, Donations 


Acta Vitamino.tocica. Year |, 
ete. Milan 10474. (Heference.) 

Association ov Barren Cummicat Manvu- 
FacTURERS. Report on the chemical industry 
140. London 1940. pp. 76. ill. (Refer- 
ence.) 68 From the Association. 

Beterem'’s Hanpeucn DER ORGANISCHEN 
Cusmie, 4thedition. 2nd supplement. Vol 
10. Edited by F. Ricwrex. Berlin 1949 
pp. xxxii + 061. (Reference.) Springer. 

From the Beilstein Institut. 

Campnipos Purosormicat Society. Bio 
logical Reviews. Vol. 22, etc. Cambridge 
10474 (Reference) 

Coat Tas Researcn Association. Re- 
view of Coal Tar Technology. January to 
June, 1949, etc. Leeds 1950+. (Reference) 
From the Association 
others). Experimenta! 
physical chemistry. 4th edition. New York 
1949. pp. xii + 568. il. (Reed. 16/1/50.) 
From the Publishers: McGraw-Hill Book Co 

FPicm Hawpiino. December 1969, etc 
London 10494 (Reference.) 

From the Publishers: The Binjon Press 

inetirer Francais bv Pirrote. Revue 

Annales des combustibles liquides. Vol. 2, 
ete Paris 10474 (Reference.) 

Inetirure ov THe Prastics Inpusrey 
Plastics Monograph No. 4. Alkyd resins and 
nateral resins. By H. S. Lituey. London 
147. pp. 43. (Reference) 

No, 5. Casein. By J. H 
London 1945. pp. 32. (Keference 

No. 6. Ethenoid plastics. By 

K. G. Heves. London 1947. pp. 52. il. 


Nelevenme 


Part 3, 


Dantes, FP. (and 


( OLLING 


No. 14 The 
Compiled by the technical 
staff of The Micanite & Insulators Co.. Ltd 
Lomion 1046 Reprinted with minor cor 
rections 1049 pp. 43 il! 


manulacture 


laminated plastics 


Reference « 


InstiToTe oF tHE Prastics Inwpustery 
Plastics Monograph No. 18. The manipulation 
of sheets, rods, and tubes. By Hacex Lrp., 
and O. V. Lancrorp. London 1046, pp. 19. 
( Reference.) From the Institute 

Institution of tHe Russer Inpustey 
Proceedings of the 2nd Rubber Technology 
Conference held ... on June 23-25, 1948. 
Edited by T. R. Dawson [and others), Cam- 
bridge (1949). pp. xxxii + 523. ill. (Refer- 
ence.) Heffer. 63s. From the Institution. 

Mera Frixtsuinc. Guidebook-Directory 
18th edition. New York 1049. pp. 468. ill. 
(Reference.) Finishing Publications, Inc. $2. 

From the Bureau of Abstracts. 

Prastics Instrrutre. Plastics Monograph 
No. 16. Transfer and injection moulding 
(Thermosetting materials), By J. Butter 
London 1949. pp. 139. ill. (Reference.) 

-- ~—- No. 20 and 20a. Testing and 
analysis of plastics. Parts I and II, By 
J. H. Cotums. London 188-49. pp 
110; 103. ill. (Reference.) 

No, 23. Plastics draughtsman 

Part Il. Mould design. By R. H 
London 1949. pp. 164. ill. (Refer 
From the Institute 

Society or Cuemicat Inpustry. Journal 
of the Science of Food and Agriculture. Vol 
I, etc. London 1950-4 (Reference Ws 
pet annum From the Society 


ship 
Bran 
ence.) 


Il. By Purchase 


American Association oF Textite Cuem 
isTS AND Cotorists. Analytical methods for 
a textile laboratory Lowell 1949. pp. v 
287. ill. $6. (Reed. 16/1/50.) 

Amis, E.S. Kinetics of chemical change in 
solution. New York 1049. pp. ix + 332 
ill Macmillan $5 Reed. 161,50.) 

Bexsorct, M., and Wittams, C. [Editors 
Engineering the gaseous 
dif National Nuclear Energy 


developments in 


fuss Process 





Series). New York 1849. pp. xx + 129, 
ill. McGraw-Hill, $1.25. (Reed. 3/2/50.) 

Bootn, H. R., and Martm, D. R. Boron 
trifluoride and its derivatives. New York 1949. 
pp. ix + 315. ill, Wiley. §5. (Reed. 16/1/50.) 

Braveeman, J. B. S. Citrus products: 
chemical] composition and chemical 
New York 1949. pp. xiv + 424. ill. 
science. $8. (Reed. 3/2/50.) 

Browntna, C, H., and Macxie,T.J. Text- 
book of bacteriology. 11th edition of Muir & 
Ritchie's “Manual.” London 19498. pp. 
x + 907. il. Oxford Univ. Pr. Ss. (Reed. 
3/2/50.) 

Carrer, C. W., and Tompson, R. H. 5S. 
Biochemistry in relation to medicine. Lon- 
don 1949. pp. xi + 442. ill, Longmans. 
25s. (Reed. 3/2/50.) 

Corennaver, J. W., and Bicriow, M. H. 
Acetylene and carbon monoxide c 

New York 1949. pp. xvi + 357. ill. 
hold. $10. (Reed. 16/1/50.) 

Enouisn, J., and Cassipy,H.G. Principles 
of organic chemistry : an introductory text in 
organic chemistry. New York 1949. pp. 
xiii + 512. il, McGraw-Hill. $5. (Reed. 
3/2/50.) 

Fiorey, H. W. [and others). Antibiotics. 
A survey of penicillin, streptomycin, and other 
antimicrobial substances from fungi, actino- 
mycetes, bacteria, and plants. 2 vols. Lon- 
don 1949. pp. xv + 628; vii, 629 to 1774, 
ill. Oxford Univ. Pr. {8 8s. (Reed. 3/2/50.) 

Garner, W. Textile laboratory manual, 
London 1949. pp. x + 478 ill. National 
Trade Pr. 30s. (Reed. 3/2/50.) 

Hamittron, A., and Harpy, H. L. 
trial toxicology. 2nd edition. New York 
1949. pp. viii + 574. Hoeber, Harper & 
Bros. $7.50. (Reed. 3/2/50.) 

Hovuwik, R. Fundamentals of synthetic 
polymer technology in its chemical and physi- 
cal aspects. Amsterdam 1949. pp. xii + 
258. ill, Elsevier, 25s. (Reed. 3/2/80.) 

Jones, O. Canning practice and control. 
3rd edition. London 1949. pp. xvi + 322. 
ill. Chapman & Hall. 36s. (Reed. 3/2/50.) 

Kimpatt, A. H. [Compiler.) Biblio- 
graphy of research on heavy hydrogen com- 
pounds. Edited by H. C. Usev and I. 
Kirswensaum. (National Nuclear Energy 
Series). New York 1949. pp. xvi + 350 
(Reference.) McGraw-Hill. $3.25. 

Manrect, C. L. Tin: its mining, produc- 
tion, technology and applications. 2nd edi- 
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Whitmore, one of three talented brothers, received his early education at Handsworth 


Chemistry Department. 
He engaged in research work under Dr. F. J. ee ee or ea ae 
the single-crystal X-ray methods of determining the crystal structure of 
a Wau Lhnoaipa'ta pubtuhed comm ol the moms the Seamusahe teen, Goa, $81). 
On gaining his Ph.D. in 1946 he was appointed to an 1.C.1. Fellowship which he held in the 


provide a link with interested workers in the Chemistry Department. 

to his generous and helpful nature, this new venture was a marked success and in his researches 
Whitmore had already begun to make a name for himself. He was particularly interested in 
the chemical state of atoms newly formed by nuclear transformation, ¢.g., in the cyclotron. He 
paid a good dea! of attention to phosphorus 32, and showed that this element when made by the 
action of fast neutrons on the sulphur in sodium sulphide appears, when brought into aqueous 
solution, as a phosphate ion. Several papers on this work were in preparation for the press 
when he was killed. 

His particular hobby was mountaineering and he was an enthusiastic, generous and able 
leader among Midland climbers. He had an unusual talent for amateur dramatics and in his 
undergraduate days was in great demand by the various University societies, particularly the 
University Chemical Society. 

He was unmarried and leaves a widowed mother. Because of the long period of training 
necessary for such work, Whitmore’s untimely end is a sad loss to radiochemistry and to 
Birmingham, and his place cannot easily be filled. 

M,. Stacey. 





88. The Ultra-violet Absorption Spectra of 2: 2’-, 2: 4'-, 4: 4'-Dihydrozy- 
diphenylmethanes, 2: 2'-Dihydrozy-5 : 5'-dimethyldiphenylmethane and 
its 3-, 4-, and 5-Ring Polymers, and of 4 : 4'-Dihydroxydiphenylethane. 

By R. F. Hunrer, R. A. Morton, and (in part) A. T. Canrenrer, 
a ra ars ga ie teen reat Be ae 
agreemen 


t with similar difference bsttution oberved in the cTesls and xylene 
The -CH,- link : 








roups in the p-position to the hydromyl groupe is 3: 2’-dihydr 
=e Rocetnenh to neem irom the 9 to the edtinine ofs for 
to the 


sothytdighenytmstaee’ sadition of 

however no such effect. Sencgersnieiter 

aromatic ring. A solution of the “ clathrate cate 

dichloride gives the same absorption curve as the lasoteoan 
complex cannot be attributed to any form of 


Wits the exception vain see ade eas am (Rec. Trav. chim., 1933, 52, 
710) and the later investigation of Mayer-Pitsch and Troger (Z. Electrochem., 1941, 47, 60) little 
work has been published on the ultra-violet absorption spectra of resins of the 
formaldehyde type or their intermediate products. During an examination of the ultra-violet 
absorption of certain Novolak and oil-modified Novolak resins, attention was directed to the 
isomeric 2: 2’- (I), 2: 4’- (IT), and 4: 4’-dihydroxydiphenylmethanes and to 2 : 2’-dihydroxy- 
5: 6’-dimethyldiphenyimethane (III; m = 0) and the higher polymers of the last. 

Preliminary measurements by the photographic method showed certain small and interesting 
differences which it was considered desirable to confirm with the Beckman spectrophotometer. 
The results obtained for (I), (II), (III; » = 0), and the 3-, 4-, and 5-ring polymers of (III), 
together with those for o- and p-cresol, m-4- and m-2-xylenol, and (IV) are given in the table. 
The detailed ultra-violet absorption curves for some of these compounds are shown in the figure. 
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It will be seen that there is a small shift of the maximum to the region of longer wave-length 
on passing from 2: 2’- to 4: 4’-dihydroxydiphenyimethane, the 2: 4’-isomer occupying an 
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intermediate position in agreement with the similar differences for o- and p-methy! substitution 
in the cresols and xylenols. However, the substitution of a second methyl! group in the xylenols 
has no effect on the wave-length of the absorption maxima of o- and p-cresol, although there is a 
curious and substantial drop in extinction coefficient in m-2-xylenol. This may perhaps be 
explained in terms of steric inhibition of resonance (cf. Braude, Jones, Koch, Richardson, 


Sondheimer, and Toogood, /., 1949, 1890). 

The Cas 2M ty, values for 2 ; 2’-dihydroxydiphenylmethane, which are both greater than 
twice the respective values for o-cresol, show that the ~CH,- link between the phenolic chromo- 
phores in the latter does not give perfect “ insulation " (cf. Ramart-Lucas, Bull. Soc. chim., 1932, 
51, 289). Comparison of «... and «., of 4: 4’-dihydroxydiphenylmethane with those for 
f-cresol shows that more satisiactory “ insulation " occurs in this isomer. The insertion of a 
second ~CH,~ link between the aromatic nuclei in 4 : 4’-dihydroxydiphenylethane (IV) confers 
still more satisfactory “insulation” of the chromophores (Ramart-Lucas, joc. cif.). The 
appearance of the band at 227 my., not shown by p-cresol, indicates, however, that even here 
“insulation “ ie not perfect (cf. Braude, J., 1949, 1902). 

Substitution of methyl! in the p-position to the hydroxy! groups in 2 : 2’-dihydroxydipheny!- 
methane causes a slight displacement (7-5 mu.) of the maximum towards the region of longer 
wave-length, and the addition of a further p-cresol nucleus causes a smaller displacement on 
passing from 2; 2’-dibydroxy-5 : 5’-dimethyidiphenyimethane (I11; <= 0) to the tricyclic 
polymer (III; = 1). The addition of further aromatic nuclei in the tetra- and penta-cyclic 
polymers (I11; = = 2 and 3 respectively) is unaccompanied by any further displacement of the 
absorption maximum which remains at 288 my. 

There is a steady increment in ¢,,,,, of approximately 3000 for each additional aromatic ring 
in passing from 2 : 2’-dihydroxy-5 : 5’-dimethylidiphenylmethane to the 5-ring polymer, but the 
Sues. Values for the cresols and m-4-xylenol are about 2000, indicating a roughly 50% increase in 
the probability of the relevant electronic transition. There is also an interesting rise in ¢,.. 
for each successive additional ring, indicating a steadily increasing probability for another 
transition with growth of the polymer chain. 


m-4-Xvylenol 
(it; aw ® 
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I, vesol. 11. m-4-Xylemol. II. 2; 2’- : 8’ -dimethyldi phemylmeth. 
238 IV. 3-Ring polymer. V. ‘Ching pelea Wie 5-Ring polymer, 

If the values for ¢,,,, and ¢,,, are plotted against the number of aromatic nuclei, there is a 
good approach to linearity for the former and a less satisfactory one for the latter. 

While the results therefore plainly show that the series is as a first-order problem simply 
additive, the second-order constitutive effects are by no means negligible. 

In the course of attempts to purify the 4-ring polymer (III; = 2) by recrystallisation from 
pee dichloride the formation was observed of an extraordinary stable crystalline 

l-addition complex of this compound with the solvent which survived heating to 90° in a 
tis passe Sockenes Geliaelion comin The ultra-violet absorption spectrum of a 
solution of the addition complex gave the same curve as the 4-ring polymer when molecular 
extinction coefficients were calculated on the basis of a 1: 1 mol. ratio of the latter to 
dichloride = Aggy, 288 Myp.; Cues, 9740; Aquy, 249 My.; 5, 572. The origin of the addition 
complex is therefore not attributable to any form of enhanced dipole association (cf. Hunter, 
Qureishy, and Samuel, J., 1936, 1576) and it seems probable that this is a further example of the 
“ clathrate " compounds described by Powell (/., 1948, 61). 

A molecular model of the 4-ring polymer based on accepted van der Waals radii showed 
that an ethylene dichloride molecule could be inserted under the more compact configuration of 
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This may also explain the ease of crystallisation from ethylene dichloride in the 
with other solvents. 
polymer (III; # — 3) obtained by condensation of the 
tscyeic ushydrenymaliy! Gertvative (V) with pcranl do not agyee with those Geacibed by 
pp nin ten Chem., 1933, 46, 851) for the * pure “ substance obtained By treating 4-methy!- 


purified by “ molecular” distillation and gave satisfactory analytical data, therefore provides 
confirmation of its constitution. 

It may be noted that the ultra-violet absorption spectrum of the tricyclic polymer (III: 
= 1) also fails to support the inherently improbable formula suggested by Nieder! and McCoy 
U. Amer, Chem. Soc., 1943, 65, 629) for this compound. 


EXPERIMENTAL. 
Materials (eth A. T. Canpunten).—The ~ ang) ted gem y m-4- and m-2-xylenol were 
yy hE ical Re bh Lab Teddington. o- and p-Cresol were further purified 
wg ha Re fh ye 
In view of the low extinction 





Bigs. specimen was prepared from 
rot (16 g.) in dilute sulphuric (15 g. in 450 c.c. of water) was 
and gradually treated — sodium nitrite (10 g. in 20 c.c. of water). The mixture was heated on 
a steam-bath until evol ogen ceased and then distilled in steam, and the distillate was 
extracted with light petroleum * he aww hd (yield eo’ & (crude)}. After several recrystallisations from 
light petroleum, m-2-xylenol was obtained in needles which had m 47—48° after prolonged drying in 
a vacuum. The extinction —a of this specimen was only thy higher than that of the origina! 
(Auee, * 274 Te =, The 2:2, 2: 4'-, and 4: 4"-dihyd iphenyimethane had m. p 
118 —110-5", 118—11 sad 1 163° respectively. The tricyclic polymer (111; = « 1) was prepared 
as described by Koebner (lee. cit.) and had m. p, 212-214". 
Tetracyche Polymer—Attempts to a, this from 2:2 pany ay -5 : 5’-dimethylidipheny!- 
methane and formaldehyde in acetic acid following Koebmer, and also from a 10:1 mixture of these 
ctants in the pr © of hydrochloric seckot 8 : } -uaspdocumeestherione It was finally prepared by 
condensation of 2 2’ -dihydroxy-5 | 5’-dimethyl!-3 : 3’-bish yimethane (m. p. 146 
147-5") with excess of p-cresol as follows. A mixture of the tialeohol 10 g.), P-cresol (88 ¢.), and 
concentrated hydrochloric acid (6 cc.) was heated on a water-bath for 2 hours, distilled in steam to 
remove excess of cresol, and dissolved in benzene (200 c.c.), and the crude polymer (97 g.; m. p. 172-— 
178”) precipitated with light petroleum. The mother-liquors furnished a further 0-9 g. (m. p. 173-177") 
the total yield being 65%. On recrystallisation from ethylene dichloride, the addition complex was 
obtained in hexagonal plates, m. p. 177-— nf (Found: C, 60-7; H, 63; Ci, 132. C,,H,,O,.C,H,Cl 
requires C, 68-0; H, rat Ch, 12-5%) was obtained from this by recry stallisation from 
benzene and heating of the product | tp 79° after sintering at 176°) in the “ molecular " still at 
170°. This specimen, which was for the spectros a] measurements, melted at 185—188 
(Found: C, #23; H, 69. Cale. for C,,H,,0,: C, 705; H, 68%). When the addition complex was 
heated in the “ molecelar” still at 170°, the in weight nded approx. to the loss of a molecular 
proportion of ethylene dichloride. Miere examination of the gootect showed that this had the 
same crystal habit as the complex but that the crystals had become opaque 
dic Polymer —An attempt to prepare this from 4-methyl-2 : 6-bishydroxymethy!phenol and 
2: 2’<tihydroxy-5 : 5’-dimethyidiphenyimethane in glacial acetic acid in the presence of alcoholic 
hydrochloric acid following the directions of Koebner gave only a resinous product, which became brown 
but was unmelted at 260°. It is difficult to see how Koebner’s preparation could lead to substantia! 
amounts of the pentacyclic mer since the proportions of reactants would be expected to give rise to a 
tricyclic derivative with a free active tion available for further self-condensation. The pentacyclic 
polymer was finally red as fol A mixture of the tricyclic bishydroxymethy! derivative 
Prinke and Hacus, Ber., iba, 74, 205) (5-25 g.), p-cresol (40 g.), and concentrated hydrochloric acid (5 c.c.) 
was heated on a water- bath for 2 hours (whervafter absence of free o-hydroxymethy! groups was inferred 
from the ferric chloride test), and excess of cresol removed by distillation in steam. The white amorphous 
material thus obtained was dissolved in benzene and precipitated with light ey The product 
(6-5 x) could not be crystallised from the usval solvents and was therefore purified by molecular distil- 
lation, after being subjected to preliminary assing at 110°. The pentacyclic ymer distilled at 
170-—190", furnishing a oe which mnt at 04104" and melted at 112° [Found ; C, 70-2; H, 
67; M (Rast), 564,569. C,H, requires; C, 70-6; H, 68; M, 588). 
The 4: 4'-dihydroxydipheny ne was prepared by Clemmensen reduction of anisoin and su 
demethylation (Richardson and Reid, J. Amer. Chem. Soc., 1940, 72, 413) and had m. p. 198— 
Spectro Measurements.—The spectroscopic determinations were carried out on ethy-alcobalic 
solutions of compounds. The absorption curves were first plotted from measurements made by the 
ic technique, using an iron—nickel arc and a sector photometer. All the quantitative 
kman photo-electric 








tions of maxima and minima were checked using fresh solutions on thr Beckman 
instrument with l-com. layers of alcoholic solution. 


The authors thank Mr, R. H. Creed for technical assistance. 


(Received, October Sth, 1949.) 
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Antituberculous Compounds. Part IV. Compounds related 


Part I of this series (Joc. cit.) dealt with the effect on the activity against 
tuberculosis of such structural features of diethyl : 
number and 


available about the contribution of the ether linkage to the activity of these compounds, it was 


(L) ArXCH J, NEt, Colt + “alas at) 

though of interest to investigate compounds in which the oxygen atom was replaced by other 
atoms or groups. This paper describes the preparation of a number of such compounds. 
Wherever practicable, compounds halogenated in the aryl nucleus were prepared since, although 
such substitution in the aryloxy-series generally resulted in an increased activity only in the 
absence ef serum, two cases had been observed where this increased activity had been maintained 
in the presence of serum (Part I, loc. cit.). The compounds prepared are listed in the accom- 
panying table, together with the results of biological tests, further details of which will be 
published elsewhere. In the following discussion the numbers in parentheses following 
the names of compounds refer to the numbers of the compounds in the table. For convenience, 
compounds are referred to as the free bases although in most cases they were isolated as their 
water-soluble hydrochlorides or as Reineckates which were converted into aqueous solutions of 
the hydrochlorides for test. 

As a first step, the effect of replacing the oxygen atom by a sulphur atom, or a sulphiny! or 
sulphonyl group was investigated. 2: 4: 6-Trichlorophenyl 2-diethylaminoethyl sulphide (1), 
sulphoxide (2), and sulphone (3) were prepared by conventional methods from the sodium salt 
2:4: 6-trichlorothiophenol. The sulphone could not be prepared from 2: 4: 6-trichloro- 
benzenesulphinic acid, the sodium salt of which failed to condense with diethylaminoethyl 
chloride. It will be seen that, while the sulphide corresponds very closely in activity to its 
oxygen analogue (Part I), the activity is reduced in the case of the sulphoxide and is of a very 
low order in the case of the sulphone. 

Nitrogen analogues were prepared by the direct chlorination of N-2-diethylaminoethylanilines 
(1; = = 2, X = NR where R = H or alkyl) in acetic acid solution. This led to the formation 
of trichloro-derivatives (5, 7, 10) when the group attached to the nitrogen atom was small 
(R = H, Me, and CHyCH,NEt,). With a larger alkyl group attached to the nitrogen, as in 
the case of the N-octyl and N-cetyl (12) compounds, dichloro-derivatives (11, 13) were produced, 
accompanied by considerable quantities of non-basic tars, presumably formed by fission of the 
side-chain. Three of these compounds (5, 7, 11) showed high activity in the absence of serum. 
In the only case (compound 5) where the activity was maintained sufficiently in the presence of 
serum to justify an im vivo test, no effect could be observed on the course of experimental 
tuberculosis in guinea pigs. Direct iodination and thiocyanation of N-methyl-N-2-diethy!- 

thylaniline afforded p-iodo-N-methyl-N-2-diethylaminoethylaniline (8) and the -thio- 

ere nacer ge (9) respectively, we nese Me PR ge te Sg comparison with 
parent compound. 2’ and -2-naphthylamines (14, 15) showed 
decomposition, and chloro- 








and 
according to the method of Blicke and Burckhalter (J. Amer. Chem. Soc., 1942, 64, 451). The 
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low yield ia this reaction ts ascribeble, at least in part. to the simultaneous formation of major 
quantities of a substance, probably diethyl-2 : 4-dibenzoylbutylammonium chloride (11), be a 
from the condensation of two molecules each of acetophenone and formaldehyde with one of 


Activity * 
Structure In absence In presence 
Compound (R = (CH) NEt,) of serum. of 10% serum. 
(1) 2: 4: @-Trichlorophenyl 2-dicthylaminn. 2.4:6C,H,CSR 100 (500) 10 
ethyl! sulphide 
(2) 2; 4: 6-Trichlorepheay! 2’ diethylamino- 6C,HO,SO-R ry os 


‘NHR _ 
6C,HClL-NHR 100-500 


4 
4 
y? 
(3) 2:4) 6 Trichlorophenyl 2’-diethylamino 4: 6CHO,S0/R 5 (10) 
iH, 
‘ 


5 Thetahainnetaytnitine c 
SF 2 i 6 Trichloro. N -2'-diethylamincethy/ 2 
Cc 


(6) neMaothet N-2-diethylamuncethy laniline gy NMeR 10 

(7) 2: 4: 6 Trichloro-N-methyi-N -2'-diethyl- 2:4: 6-C HCleNMeR 500 — Long 
aminorthylaniline (S000) 

(8) p-lodo- N-methyl-N-2-diethylaminoethy!- — p-I-C ,H,-NMeR lo 


anuine 
(9) p- Thiocyanato- N-methyl N-2-diethyl- P NCSC, Hy NMeR 
aminvethylanidine 
(10) 2:4. 6 Trichioro- NN-bis-2 diethylamine- 2:4: 6-C HCIYNR, 


cthylansline 
(lip? pane ao 2’ -diethylaraincethyl-N- =. 2: 4-C, HCl N(C,H,,)-R 
dawns mocthy!l N he wade: ylamsline wie. 

By i eteors 2 a ee N- : Ac ee C,H,,)"R 
(14) N-2- PDieipteniaecthey'-b-caghthytamine all, NHR 1110) 
ies N-2’-[nethylaminoethy! 2-naphthylamine BBS “NHR lu (50) 

6) Diethy! 2-benzoylethylamine CO» § ane 
i Dieth y!-2-m tminubensoviethylamine ™ “nh x a COR i <1 

2 


eee -3-phenytpre soe CH 50 
Diethytaminoethy! 2 6 é-trichloro- Socio O-OR so 


(20) $/-Dusthylaminosthy!. 2 3. 5-tri-sodo- 2:2:5-C,H1,CO-OR 
benzoate 


(21) 2: 4: 6-Trichloropheny! diethylamino- 
acetate 2:4:6C,H,C,OCOCH,NEt, 
(22) Phenyl p-aminodenry! ether C, HyOCHy C,H, ‘NH, ? 
(23) 1-Phenosy-2 p-aminophenos yethane 
C,HyO-CH, CH, OC Hy NH,-p 
(24) 1-Phenory-2- -(p-diethylaminophenony ethane 
C HyO-CHy CH, OC Hy NEt,-p 50.100 
(25) 1-(2 : 4: 6-Trichlorophenory)-2-p-amino 
Phemos yelhanes 2:.4:6C HCLOCH, CHOC HyNH,p 3 — ~- 

* Ditut (in th is) at which complete inhibition of the growth of M. tuberewlosss (human 
virulent — was maintained for 4 weeks in modified Long's medium (by the floating~-pellicle 
method) ures in | ayes represent dilutions at which partial inhibition occurred. Under 
the same conditions of test 4-aminosalicylic acid gave a value of 10 in the absence of serum. 





dicthylammonium chloride. Attempts to prepare the 2: 4 : 6-trichloro-derivative of compound 
(16) by several methods failed. Thus, 1; 3: 5-trichloro-2-iodobenzene formed a normal 
Grignard compound but this failed to react with 2-diethylaminocthyl cyanide. 2: 4: 6-Tri- 
chiorophenyl cyanide did not react with methylmagnesium iodide, but 2: 4 : 6-trichloroaceto- 
phenone was readily prepared from 2: 4: 6-trichlorobenzoy! chloride and dimethylcadmium. 
This acetophenone was devoid of ketonic properties and could not be induced to undergo the 
Mannich reaction with formaldehyde and diethylammonium chloride, presumably owing to the 
reduction of the cationoid properties of the carbonyl group by the chlorine atoms. Steric 
facters probably played little part in this inactivation, since 2: 3 : 5-trichloroacetophenone 
displayed a similar inertness. Finally, diethyl-2-m 
by a Mannich condensation of m-benzamidoacetop 
ammonium chloride and hydrolysis of the resulting diethyl-2-m-b 

It was hoped that this compound would yield by chlorination diethyl-2-(2 : 4: ‘6-trichloro-3- 
aminobenzoyljethylamine and thence by deamination the required diethyl-2-(2 : 4 : 6-trichloro- 
benzoyljethylamine. Chlorination, however, led to non-basic gums, indicating degradation of 
the side-chain. 
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Catalytic reduction of diethyl-2-benzoylethylamine furnished the methylene 
diethy!-3-phenylpropylamine (18). This showed increased in with 
diethy!-2-phenoxyethylamine in the absence of serum, but reduced activity in the presence of 
serum together with high toxicity precluded in vivo activity. 


CH, CH-NEt, HCI € Sreng.0€Sxn, C SorcnieX-NR, 


(Tit) (Iv,) (Vv) 


Compounds were also prepared in which the oxygen atom of (I; X < ©) was replaced by 
ester groups of the type (-CO-O-) and (-O-CO-). 2’-Diethylaminoethyl 2: 4 : 6-trichloro- 
benzoate (19) and 2 : 3: 5-tri-iodobenzoate (20) were prepared from 2-diethylaminoethanol and 
the corresponding acid chlorides. In the former case considerable quantities of a uct 
were obtained, apparently identical with diethytvinylammonium chloride (III), 


: 4: 6-trichlorophenoxide. None of the compounds (19, 20, 21) showed high activity. 

Finally, in view of the activity of compounds of type (IV) (Barry, O'Rourke, and Twomey, 
Nature, 1947, 160, 800), it was thought of interest to prepare a few compounds of the 
{[V; » = lor2?, R = H or Et, X = C,H,{-p) or OC,H,{-p)). Phenyl p-aminobensyl ether (22), 
prepared from the corresponding nitro-compound by reduction with aluminium amalgam, was 
an unstable compound as shown by its ready hydrogenotysis by other reducing agents and the 
formation of phenol in cold solutions of its Aydrochloride. Chioro-derivatives were therefore not 
prepared. 1-Phenoxy-2-p-aminophenoxyethane (23), prepared by the reduction of 1-phenoxy-2-p- 
nitrophenoxyethane (Ryan and Kenny, Sci. Proc. Roy. Dublin Soc., 1924, 17, 305), had high 
activity only in the absence of serum. Ethylation gave 1-phenoxy-2-(p-diethylaminophenoxy)- 
ethane (24), the high activity of which was less affected by serum. No in vivo activity could, 
however, be demonstrated. Although 1l-phenoxy-2-p-aminophenoxyethane was of normal 
basic strength, 1-(2: 4: 6-trichlorophenoxy)-2-p-aminoph yeth (24), prepared by similar 
methods, was, unexpectedly, a very weak base, the Aydrochloride and lactate of which were 
extensively hydrolysed by water and activity determinations were not carried out. 





EXPERIMENTAL. 


2: 4: 6-Trichlorobensenesulphinic Acid.—2 : 4: 6-Trichloroaniline (5 g.) was added at 30° to a solution 
The solu then cooled and 


orange . 
with dilute ammonia. 
acid as a 





jeer ext 00 04) ond beeeapee peroxide (100 vol. ; aaa 
mixture was overnight at Toom tempereture and 


ethereal picric acid afforded 
140° (Pound: C, 300; H, 34; 
a eS ps cared ta ts 


alent of dilute ydrochloric acid 
orate - Diethylaminoethy! Ee Hydrochloride —The free bane from the 
sulphide hydrochloride (2-0 g.) was dissolved in 50% acetic acid (10 c.c.}, and a solut 


te (2-2 4,) in 80% acetic acid (74.c.¢.) at 0—3° during } hour. haeotemertoatene 

ato, muxture was decolourised with sulphur dioxide and evaporated to dryness m vacuo. The 
tp i ted with was extracted with ether. Addition of 

(24j ), flat needies (from ethanol), m. p. 145° (Found: C, 381; H, 30 

Gree . 37-46; H, 3-3; N, 98%). The free base, obtained from the te 

ethanolic hydrogen chioride. Evaporation aff the 

needles (from vthanol-cther), m. p. 170° (Found; N, 38. C,,H,,O,NCLS 











hydrochloride. 
mares N, > 7%) 





line and NN-Bis-(2-dicthylaminoethylaniline —Aniline (93 ¢.), diethyl- 
aminoethy! chloride hydrochloride (172 ae and powdered anhydrous sodium carbonate (106 g.) were 
mixed and heated on the steam-bath for § hours by which time evolution of carbon dioxide had ceased 
The mixtare was diluted with water and made slightly alkaline to Titan-yellow with 
. dried, and fractionated. Alter a forerun of aniline (15 g.), 

> b. p. 110-—114°/1-8 mm.) was collected (Dewar, J 1944, 622, 7 deat Pp 162- 

a third fraction, b. p. 115—-155"/1-6 tam. (32 ¢.). Repeated fractionation of 
the last fraction through an 8 Vigreux column gave pure N-bis- ye ye epee (846 g@.), 
b. p. 146-148" /1-2 mm. (Found; N, 143. Cale. for CyH,N,: N, 144%) (Stahmann and J. 
Amer os Soe., 1946, 68, 2494, give b R 174—-177°/6 mm). The dsprcrate crystallised from xy- 
ethanol ia eon aol m. p. 170-—-1706-5" (Found; C, 483; H, 5-1; N, 160. C,H,,O,,N, requires 
C, 461; MH, &2; 16-8 

2:4: 6-Trichioro-N-2- snttpleminedtinylenttine —Chiorine was passed into a mixture of N-2-diethy!l- 
aminoethylaniline (10 g.) and glacial acetic acid (100 ¢.c.) at 20° until the gain in weight was 11-1 ¢ 
( 3 mols. of chlorine). Water (200 ¢.c.) was added, and the solution neutralised with solid sodium 
carbonate and finally made alkaline to Titan-yellow with sodium hydroxide. The liberated oil 
was isolated with ether and distilled, the fraction of b. p. 145-—150° /1-5 mm. (7-2 g.) being collected. The 
pene Peg ont, (@2¢.; b P 157—-158° /2-6 mm.) was converted into the picrate, which after repeated 

tall th i (yellow rhomboidal plates) had m. p. 150-—151° (6-4 ¢.) (Found: N, 13-6. 

O,N Cl 13-3%). Reconversion of the picrate into the free base gave 2 : 4: 6-trichioro- 
Gt Scdaplatincunptont saline as a colourless liquid (2-72 g.), b. p. 150-—152°/2 mm. (Found: N, 9-9 
c walt Ney requires N, 9-5%) 

2 Trichlore NN -tis-( 2°-diethylaminoethyl\ aniline ——N N-Bis-(2-diethylaminoethy!) aniline (8-0 g ), 
cetusientea similarly, gave mach tar and a fraction (2-8 obs sh P. _jes- 178°/2 mm. Purified through 
the dipicrate, yellow prisms (from ethoxyethanol), m * after sintering at 204° (Pound a 

Colt, ON Cl, requires N, 148%), this aifordad 2 3:4:6 trichloro-NN-bis-(2 -diethylamonoethy! 
aniline as a colour liquid (104 g.). b. p. 170°/1-8 mm. (Pound; N, 110. C,,H,N,Ci, requires N, 
10-45%). 

| ‘% 6- T richloro-N -methyl-N -2'-diethyiaminocth ylanilime.——N-Methyl-N-2-diethylaminoethylaniline, 
gry by the method used for N-2-diethylaminoethylaniline, had b. p. 124—-125°/3 mm. (Dewar, 
o. ot., gives b. p. 166- 170° 20 mm.). This material (10 g.), chlorinated im acetic acid, afforded a 
fraction, b. p. 148-152" /2-5 mm. (11-46 ¢ Purihed through the picrate (4-7 g.), m. p. 149—150° after 
repeated crystallisation from methanol (rhomboidal plates) (Fou N, 134. €,.H,O.N a, ey 
N, 13-0%), this gave 2: 4: 6-érichloro-N- “ae N- oy Aictiplemincstiniontine as a colourless liquid 
(1-7 g), Db. p. 142°/1 mm, (Found: N, 93 C yall eX Ay soquizes BN, 9-05% 

p-lodo-N-methyl- N -2- dicthylaminocthylaniline Hy rochloride —-N -  Metheh. N-2’- diethylaminoethy!- 
aniline (32-2 g.) was dissolved in concentrated hardnnahionte acid (1 L ), and an excess (115 g., 4-5 mols.) of 
iodine monochlonde in concentrated hydrochloric acid (300¢.<¢.) added. An oil separated which ey 
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formed greenish-yellow crystals when k The product (76 g.) was a plex of the d 
with iodine monochioride. It diaoived readily im acetone (500 c.c.), the solution noe cake 
to Se 











eas aaah an aioe 
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solvated form of the of the picrate. 
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crystailion’ 4 
N, 15-2%). 
derivative as a colourless oil (9-6 g 

plates (from inethanol), m. p. 13}nise 

requires C, 47-8; H, 7-1; N, 13-0; Cl, 88%), " unt cepverted as eheve tute @e 
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. 163. CyH yO uN, 
tacky crystals, m. p. <100°, containing chloroform i 
acetone yielded colourless m. p. 158-—160° (Found: N, 02. CyeHayN Cl, requires N, 69%). 
gave a solution of low pH wi ich could be adjusted to pH 5 without precipitation ion of the base. N-2’-Di- 
nthyiamine was ee eee 
its monopurate ag lac ry tg 
« CyHy,O,N, requires +8 
dissolved 





(loc. eit.), acetophenone (12 g.), diethylammonium chloride (11 g.), and 

heated under reflux in absolute ethanol (20 c.c.) for 3 hours. The 

removed im vacuo, and the residue dissolved in water (50 c.c.). The free base was isolated by basification 

and extraction with ether. The etherea! solution was evaporated tm vacuo and the residual oi! kept over 

sulphuric acid sm vacuo for 2 days to remove traces of diethylamine. (Failure to do this gave a low- 
iting final product very difficult to purify.) The oil was redissolved in ether, and the solution saturated 

with dry hydrogen chloride. The ee eC DMC, ben (tlhe med Penden te a 

m. p. 112-113" (Found: N, 5 Calc. for CyyH,ONCI; N, 5-8%) (Blicke and Burckhalter, Joc 

ive m. 108-—110"). 

’ In A af experiment in which the aqueous solution was made just alkaline to Brilliant-yellow with 


benzoylibutyl)hammonium chloride, m. p. 193-—194° after drying at 
, 75; N38 ee 70-6; =" 7-5; N, 376%). 
Diethyl- “phen iproplammonram Chloride. Diethyl ylethyh 
apdargate with 





—_ ‘Genwi. Coes soatene. 


non- ag amg ote) ‘5 eee 4 try “4 
Tannich cod Chane Ber, 1933 18, describe it as a by 
substance, m. p. 119—120"). irvs bane had bp. 116°/19 man. (Found : N, 755. Calc. for C,,H,, 
N, 19%) (von —. Ber., 1910, +P TC Teantops P ee a eke : 
action between 2: 4: schlor y s 
from | : 3; 5-trichloro-2-iodobenzene 205. oe nt 
Joc, cit.) and magnesium (0-42 ¢., yk = 


























on cooling deposited a thick crop of need R tion fi 
2-(m-bensamdsbonsey/itbplemmontum chloride (154: ¢) as needles, m. p. 142” (Found : 
N, 78%). Evap zene mother- 





pan my othe 8 ng p. 137—138°. 
under reflux for 6 hours with concentrated hydrochloric acid (1400 
acid filtered off. The filtrate was extracted with ether 
, dethyl-2- (m-amsimobenroyl)ethylammonium chlovide 





gums. 
ydrochioride —2 : 4: 6-Trichlorobenzoyl chloride 


; 1896, 67, 602) was added to diethylaminoethanol (1-6 ¢.) in pure 
chloroform (8 cc.) and, after 3 hours at room temperature, the mixtare was warmed to 40° for 7 hours. 
Precipitation with ether and fractional crystallisation of the crystalline product from benzene-ethanol 
afforded two compounds, The first, m. p. 133-1365" (Found: N, 10-3. Cale. for C,H,,NCI: N, 
103%). afforded an aurichboride, plates (from hot water), m. p. 138°. Ladenburg (loc. cit.) records no 
—— for chethytvinylammonium chloride but states that the aurichioride has m. p. 138—-140°. The 

dist fore distinct from the normal polymerisation product of diethylaminoethy! chloride, 

tetraethy!ptperasiniam dichloride, which has the same empirical formula but does not melt below 300° 
and gives a diaurichloride of m. p. 236-237" (Slotta and Behnisch, Annaien, 1932, 497, 170). The 
second compound was dissolved in water and then basified with d hydroxide, and the 
resultant oil isolated with ether. Reconverson into the hydrochloride gave 2-dicthylaminocthyl 2.4. 6- 
trichlorobensoate hydrochloride (03 g.), needles (from ethanol-ether), m. p. 193° (Found: N, 415. 
CyH,,O, NCI, requires N, 3-9%) 

2-Disthylaminesthyl 2: 3: 5-Tri-iedobensoate H ydrochloride.—2 : 3: 5-Tri-iodobenzoic acid (5-0 ¢.) 
(Wheeler and Johns, Amer. Chem. J., 1010, 43, 407) was refluxed with thionyl chloride (3 cc.) and 
benzene (15 cc.) until a clear solution was obtained. The benzene and excess of thiony! chloride were 
evaporated mm vecuc, the yellow crystalline residue was dissolved in pure chloroform (15 ¢.c.), and 
2-ciethylaminoethanol (1:3 g., 10% excess) added. Cooling overnight in the ice-chest gave 2-diethyi- 
aminoethyl 2 3: 5-tri-todobensoate hydrochloride as a pale yellow solid (4-2 g.), m. p. ca. 190° after softening 
at 166°. Keerystallisation from chioroform-acetone and finally from et gave the substance as 
omnes prisms (2-35 g.), m. R 184-185" (Found: N, 24. C,,H,,( ar ll, requires N, 2-2%). 

: 4° 6 Trehlovophenyl Diethylaminoacetate Hydrochloride —ia) Attem 

2 ‘ 6-trichlorophenyl chieroacetata, 2: 4: 6Trichlorophenocl (9-0 ¢.) was heated at with excess of 
chioroacety! chloride for 48 hours. Evolution of hydrogen chloride was slow and evidently incomplete. 
The mixture was poured into water and made faintly eee Brilliant-yellow, and the solid filtered off. 
Reerystallisation from methanol gave 2: 4: i chloroacetate (38 ¢.), m. p. 69-—70° 
unchanged by further crystallisation (Found ; C 3. 346, 1-6. yo shay, requires C, 35-0; why 1-6%). 
This substance (1-24 g.) was dissolved in dry ether (15 c.c.), and seth 
Prisms soon ated. The 
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90. Antituberculous Osiicaniits Part V. 2-Sulphanilamido-5-alkyl- 
1:3: 4-onndiazoles and -thiadiazoles and Related isoThiosemicarb- 
azones and isoT hioureas. 


By J. D. Brooxs, P. T. Cuantrox, P. E. Macey, D. A. Prax, and W. F. Snort. 


a number of derivatives and analeques of this compound have been prepared. 
N*acyl derivatives and bigher alkyl homologues (R’ « amyl, sacenet, and ty rom 
Stmilas activity te shows by corsespanding thiadiazoles (1; X = 

Structurally have also been - Although these 
were active om vitro, a selected. compound showed no activity tn wieo in contrast to 

related, thorapes tically active benzaldehyde thicsemicarbazones (Domagk, 

Nowdish Medicom, 1948 

A series of isothioureas has also been prepared. N-Aryliscthioureas showed high im vitro 
activity only im the absence of serum. Cyclic isethioureas, such as 2-aminobenzthiazoles and 
2-alkyithiopyrimidines, were without interest. 





Tux work to be described in the present paper arose from the observation made in 1944 that 
2-sulphanilamido-5-methyl-1 : 3: 4-oxadiazole (I; X » O, R =~ H, R’ «= Me), while virtually 
inactive against organisms normally sensitive to sulphonamides, exhibited a highly specific 
activity in vitro against Mycobacterium tuberculosis. The compound, first prepared in 1943, 
has since been described (Tappi and Migliardi, Arch. Sci, Biol., 1941, 27, 170; Tappi, Rec. Trav. 
chim., 1943, 62, 207; not available in abstract form in this country until 1944), but without 
N-——N 
PNHRCH,SO-NHC OCR’ p-NH C,H -SO-NH-C(XR)IN-NICR’R” 
ay ~*%y (It) 
reference to its antituberculous activity. Complete inhibition of the growth of M. tuberculosis 
occurs at dilutions of | in 10,000-—50,000, 4-aminosalicylic acid showing the same activity under 
the same conditions of test. Although this activity is of a comparatively low order, the low 
toxicity of the compound and its apparent persistence in high concentrations in the blood-stream 
gave promise of chemotherapeutic activity. An extensive series of in vivo tests failed to indicate 
any such activity, and this inactivity was later accounted for by the demonstration that the 
Bratton-Marsha!! estimation of blood-levels is misleading in this case, the compound being in 
fact rapidly metabolised to an inactive substance. Details of this work will be published 
elsewhere. 

Before the explanation of this negative result was obtained, derivatives and homologues 
in order to elucidate the structural features of activity and in the hope of 
prepared are summarised in Table I, together with 
subsequent discussion figures in parentheses following the 

name of a compound refer to the number of the compound in this or other tables. 
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2-N®&Hesoyl-. -dodecoyl-, and -stearoyl-sulphansiamido-5-methyi-1 > 3: ¢-exatiassles (4, 5, 6) 
were prepared by conventional methods from : 4-oxadiazole, 
The activity was in all cases lower than that of the paren 





289, De, J. 1 Indian Chem. Soc., 1930, 7, 651) and tol 
of the 2 4 with iodine monochloride aflorded 0 di-iede-derivative (2) 
of low acti activity, again possibly due to the weakened basicity of the N“amino-group. 

The homologous series, 2-amino-S-amed-, -undecyl-, and -heptadecyl-\ : 3: 4-ovadiazoles 
(8, 9, 10), was prepared from the corresponding l-acylthiosemicarbazides by the action of lead 
monoxide in boiling ethanol (cf, Stollé and Fehrenbach, loc. cit.). The yields were progressively 
poorer in the case of the higher homologues, particularly the heptadecy! compound for which 
cyclisation was retarded by the formation of an insoluble lead salt of the 1-stearoylthiosemi- 
carbazide. All three compounds were of low activity. Their su/phanilyl derivatives (13, 15, 
16), prepared by conventional methods, showed activity which was of a high order in the case 
of the undecy!l compound, No in vive tests were carried out in view of the realisation at this 
time of the rapid inactivation of the methyl homologue in the blood-stream. One thiadiazole 
was prepared. 1-Hexoylthiosemicarbazide was cyclised with benzenesulphonic acid to 
2-amino-5-amyl-1 ; 3: 4-thiadiazole and thence converted into the N*acetylsulphanilyl and 
sulphanily! derivatives (12, 14). The last-named showed the same activity as its oxygen 
analogue, its acetyl derivative exhibited the same week activity as 2-N*acetylsulphantiamido- 
S-amyl-1 : 3: 4-onadiazole (11). 

In view of the unfavourable in vivo properties of this series, modifications of the structure 
were sought. A possible line of approach appeared to be the preparation of uncyclised forms of 
the molecule in which fission may be regarded to have taken place at the bond (a) in (I). This 
would lead to 4-sulphanilyl-3-alkylisosemicarbazones (1; X — O, K = alkyl, R’ and R” = H 
or alkyl) from the oxadiazoles and to 4-sulphanilyl-3-alkylisothiosemicarbazones (II; X = S, 
K «= alkyl, R’ and R” Hor allyl) from the thiadiazoles. IJ» vitro tests with 2-suiphanilamido- 
S-methyl-1 : 3: 4-thiadiazole (I; X =< 5S, R= H, R’ = Me), a supply of which was kindly 
made available to us by the Therapeutic Research Corporation of Great Britain Ltd., had 
shown that it possessed activity similar to that of the oxadiazole and that it was subject to the 
same in vive limitations. Results with the amyl homologues (12, 14) confirmed that oxygen 
and sulphur were interchangeable in the molecule. Since 3-alkylisothiosemicarbazones were 
more readily accessible than 3-alkylisosemicarbazones, it was proposed to prepare a series of 
sulphanilyl derivatives of the former. The first compound prepared, acetone 3-ethyliso- 
thiosemicarbazone (17; Table II) had, itself, fair activity but its 4-suiphamiy! derivative (18) 
was almost completely devoid of activity. Further work was therefore directed towards 
examination of the 3-alkylsothiosemicarbazones themselves. These were prepared smoothly 
in all cases by the method of Baird, Burns, and Wilson (/., 1927, 2527) and their properties 
and activities are summarised in Table I]. Benzaldehyde 3-ethylisothiosemicarbazone (19) 
was as active as the acetone analogue and, in a series of 3-alkyl homologues, high activity was 
reached with the butyl derivative (20), falling to zero with the hexadecyl derivative (22). The 
butyl derivative was not seriously affected by serum but no in vivo activity could be 
demonstrated in guinea-pigs. No favourable effect was produced by the introduction of a 
3-(2-dliethylaminoethyl) group (23) or of a 4-phenyl or 4-p-butoxypheny! group (24, 25, 26). 

Late in 1046, the first information regarding parallel work which had been proceeding in 
Germany became available in this country. Behnisch (Eiberfeld Ann. Res. Reports, No. 17, 
p. 2; FD 20/46) reported the activity of various substituted benzaldehyde thiosemicarbazones. 
In particular, ~-pyrrolidino- and o-nitro-benzaldehyde thiosemicarbazones were mentioned as 
active, the latter having been selected for clinical test. The 3-ethyliscthiosemicarbazones 
(27, 29) corresponding to these two compounds were therefore prepared together with p-dimethyl- 
aminobenzakiehyde thiosemicarbazone (28). None of these compounds showed promising 
activity, nor did o-nitrobenzaldehyde thiosemicarbazone itself. This is in agreement with the 
recent findings of Hoggarth, Martin, Storey, and Young (Brit. J. Pharmacol., 1949, 4, 248) who 
found no tm wwe activity with o-nitrobenzaldehyde thiosemicarbazone or with 3-alkylisothio- 
semicarbazones in general. Subsequent publications (Domagk, Behnisch, Mietzsch, and 
Schmidt, Naturwiss., 1946, 33, 15; Domagk, Zentr. Gyndk., 1947, 69, 833) show that their 
approach to the thiosemicarbazones was almost identical with our own, sta~t’g in their case 
from the observation of the activity of 2-sulphanilamido-5-ethyl-1 : 3 : 4-thia.aazole (I; X = S, 














1950) Antituberculous Compounds. Part V. 455 


= 


2 
ay 
8 
6 < 
95 


1 
17- 


ue I 
ai NSHCl® 167 1S 
. 
15- 


eigen 


10-85, 


bd 98 
10-7 


2HCi* 156 





+S. HBe * 


C,H,NSHG* 77 10 
230—232 C,,H,,NS,HCi* 198 195 
m. p. 195°. 
agri pty oo 
; , was 
od: N, 12-2. 
> a 
picrate, 


CHNS.HT 


H,N,S. 
92 > satlgeN 5S, 
109—110 CH 


-. € HO * 192 19-4 1) 
169-5 CH WON (10) 


and 2-alkylisothioureas. 
y 
2451 
115—117 


cit.) record 


LNs requires N, be 
ok. Be ro 


jires N, 16-0%). | ( 


‘ (33) ‘The % 


%) 


(ea) 


hanol. { 


‘f 
H 
a1 
: 
: 
a3 8 


(19) Baird ef 


AB 
3- Alhkylisothiosemicarbazones 
O,N,S 


+? x 


. p. 78° (Found: N, 14-85. C,H N 
ires N, 14 





(18) See Experimental. 
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¢ See Notes to Table I. Figures in parenth 











456 Brooks, Charlton, Macey, Peak, and Short : 
K =~ H, R’ = Et). It is now clear that, notwithstanding the es Se So ee 
entirely 





in vivo activity of selected members of the th icarb group (Domagk, Nordisk Medicin, 





As a further simplification of the basic structure, S-alkylisothioureas, prepared by standard 
methods, were next examined. Very high i» vitro activity was shown by N-phenyl- and NN’-di- 
pheny!-S-ethylisothioureas (30, 34). This was reduced in the former case by substitution of 
S-baty! and S-octy! groups (31, 32) for ethyl or by introduction of a p-butoxy-group into the 
N-pheny! substituent (33), This series was not extended, since poor activity in the presence of 
serum precluded in vivo activity. 

2-Ethylithiobenzimi le (IIT), which may be regarded as a cyclic isothiourea, was 
from 2- ptobenziminazole (Billeter and Steiner, Ber., 1887, 20, 231) by interaction with 
ethyl! iodide. " It was only weakly active. 2-Aminobenzthiazoles may also be regarded as 
cyclic isothioureas, and the claims of Freedlander and French (Proc. Soc. Exp. Biol. Med., 
1947, 66, 362) that in vivo activity had been demonstrated with such compounds and with 
related 2-alkoxybenzthiazoles prompted us to examine a selection of these compounds, 








N 
(Ith) f q C-SEt R 
MA . 
2 ; 6-Diaminobenzthiazole (IV; RK = R’ « NH,), stated to be one of the most active compounds, 


was prepared by the method of Kaufmann and Schultz (Arch. Pharm., 1935, 278, 31). It had 
relatively low in vifro activity and no in vivo activity. 2-Amino-6-butoxybenzthiazole (IV; 


S. 
“a CR’ IV.) 
~ 


Taste Ill. 
2-Alkylihiopyrimidines. 

Found Req 
Pyrimidine B.p M. p. Formula. N,% WN, %. 

(38) 2-Mercapto-4 6-dimethy!- — 209—-212° _— —_ a 
(39) 2-Methylthio-4 © 6-dimethyt- 113—114°/15 mm. 27—28 C,H,N,S 182 618-2 
(40) 2-Methylthio-4-phenyl-G-methyl- 154-160" /1 mm Cully 130 130 

(41) ¢Hydrony- -2-methylthio-6- 224-225 fs - ~s 

(42) = 2-methylthio-5- 234-5---236 oo - — 

hy! 
(43) ¢-Hydreny- 2-butylthio-5-methyl- 105106 C,H,ON,S MS, Ml 
143 

(44) 4-Hydroxy-2-cctyithio-5-methyl- ; 8880 CyHyON,S Il 110 

(45) 4-Chioro-2-methyithio-6-methy!- 118—120°/12 mm. M34 —_ — 
(46) & Chloro 2 methylthve-6-methyi- 132° /15 mm 20—2 ¥ CIs 15-9 16-0 
(47) 4-Chloro-2-butylthio-b-methyl- 124—126°/1 mm. is HUN cl is 126 129 
(48) 4-Chloro- 2-cctyithto-5-methyl- 144—148° 2 mm — sin NCIS 105 102 

(49) 4-Amino-2-methylthio-6 methyl- = 135-136 aa — 
(50) 6 Amesmo-2-methyithvo- i methyi- 130--131 C.H,N,S 27-4 27-1 
(BV) 4A wes mo- 2-dnetyltbao-S-meth yl- a5 86 C,H ee 21-5 21:3 
\S2) 4-Amimo-2-actylihio-5-methyl- S—86 CyHINS 167 166 


(38) Evans (/ Chem., 1893, 48, 489) records m. p. 210". (39) Hale and Williams (J. A 
Chem. Soe. 1915, 37, 594) record m 24°. Wheeler and Merriam (Amer. Chem. J., 1904, 32, 396) 
record m. p, 23—24° and b. p. 123-125" /14 mm. (41) Wheeler and Merriam (ibid., 1903, 29, 478) 
record m. p. 219°. (42) dem, sbid., record m 233°. (43) Rods from ethanol. (44) Rhombic 

tes from methanol. (45) Wheeler and McFarland | loc. cit.) record b. p. 147° /32-—35 mm., needles 
from light petroleum), m. p. 39-40". (49) Backer and Grevenstuk (Rec. Trav. chim., 1945, “ 115) 
and Hull, Lovell, Openshaw, and Todd (J., 1947, 41) record 136—137* and 133-5—135° ey. 
(50) Clusters of rods from water. (51) in plates from benzene. (52) Irregular plates from light 
petrolenm 





._—1-Hexoylthiosemicar : 
acid (30 g., 1-25 main) were hented a5 the Ghanm-heah ter $6 tabestes: The melt was cooled 
dissived im water, and the clear solution basibed with ammonia ap eee ae ee 


stallised from by ae mer poe Be ge gh ee a oe one 195° 
(Found : N, 24-8. C,H,,N ee 24-6 "athe N'-actrmiphamly! and derlvetives 
(se Table I} wer prepared by for the oxadiazoles and were both crystallised from 


2-(3 : 5-Di-iodosud ) -5-methyl-1 Potmm re germ Sulphanilamido -5- methyloxadiazole 
5 g. : in water (10-ce) and concentrated acid (4 c.c.), and a solution of 
oncentrated solution soon became 


ad dime in water 40 0) 

anate (11-25 ¢., 27%) isolated by 

rless product (4-25 .) in absolute ethanol (6 c.c.) 

was treated with hydrazine hydrate (1-2 c. ethanol (1 c.c.) with cooling. 4-p-Butoxy- 

henylthiosemicarbazide separated i = (42 g.), mp. 175°. The was 
ted under reflux for 3 hours with ethanol ( Diem ye eet rtd After filtration from a 

little undissolved solid, the solution on consentention efieeéed benzaldehyde 4-p-buloryphenylihvosem:- 

Hu 





Antituberculous Compounds. Part V. 
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tho teen 512 by 


elect eisai ont the tee Burns, and Wilson, 
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4-N* *, if ily beni nyt wnt 
Nai eaenanaeanlaentt 
mL we AD 
carbonate the 
from aqueous mp. St das" Crema Cae a 
Jenkins and ( ant 1941, 64h, 1820) quote mp 18 
acid, identified by reactions and 


thylisothi icarb —The foregoing nd (0-17 g.) was heated 
de (1 cc.) at 100° for 1 hour. Acidification to pH 4 afforded a © ler tweens: 
rbazone (0-14 ¢.), odanteandind, m. p. 186—187° (Fi 
requires Ni 17-68%) 


Batonypeny! pens 1 eae 7-0 g.) im ethanol (20 c.c.) was treated 
us Wad separated. The product (7-5 g.) 
crystallised as rods, m. p. 163° (Found: N, 12-4. 
Molsedivaes these trom the appropriate thioures and slky! halide in 
refluxing ethanol. The resulting rea by were tested as such or converted into 

rp Eiyidtonsomanasci 2 Mercape bensiminase for test. 
ee en OS a eens 


Billeter 
pos) wan beated uoder fea with ethyl tole (14 §) for 3 boars, complete dick 
wa oe ne resi (2.66) 











of the resulting white cit 
m. p. 173-6-—174-5" (Found : N, 15-9. See 
-6-butos ybensibtasole.* A solution of 


“id wialis nckd (18e.0.) was ated 
ammonium ee py 9-5 g.) in 
eee 


At ade m. p. 101°, ive 
4 (Found: N, 


: N, 32- . 21° for "fbatoxvaminobensthiazole * 
Chie ties pa Gijoro-@ nitrobensthuaroe was 
the method of Hofmana oer 1880, 13, 10) from ‘ole (Scott and Watt, ]. Org. Chem., 
1037, 2. 148). This (10 ¢.) was ‘dissolved in warm butanol 280 ¢ ¢.c.), a solution of sodium (1-07 g.) in 


¢.) added, and the mixture boiled under reflux for 20 hours. After filtration, the — 
St eo SOLS re TET Sey 8). nae seks 
; il H,,0, uires i ). loregoing (10 g. 

sr setaliins therttone Thioclae (38 ¢ Aa Se 


as needles, m. p. 
CH N,C1L,S rejues 'N, 85; Cl, 33-3%). It ‘dissolved in water to give a 
relation of low 5 ich could be adjusted to pH 6 without precipitation. 

Di- (de pheny scnathyt-3-pywianayh Disulphide.—In the tion of 2-mercapto-4-phenyl-6- 
methylpyrimidine (Merkatz, loc. ctf.) & fraction was obtained which was insoluble in ethanol and in 
dilate hydrochloric acid or sodium hydroxide. It was purified by exhaustive extraction with x-hydro- 
ehloric acid. Crystallisation from benzene afforded ti-(4-phenyl--methyl- 2-pyrimidyl) disulphide as 

ow tods, m. p. 186-6--166° (Found: N, 13-0; M, 307. C,,H,.N oXe5p requires N, 13-0; M, 402). 

same compound, m. p. 184-——~184-5° not depressed by the above, armed when a solution of the 
p= aptopyrimid in dilute sodium hydroxide was oxidised with a slight excess of aqueous iodine 

tan 

4 Hydrovy-2-alhylihio-5-methyipyrimidimes me’ appropriate S-alkylisothiourea hydrohalide (1 mol.) 
was dissolved in one equivalent of 2-5n-sodium hydroxide, and, if necessary, ethanol was added to 
dissolve precipitated oil or solid. Crade ethyl ioformylpropionate (1 mol.) was then added with 
sufficient water to give a clear solution. After 24 hours the solution, filtered if necessary, was acidified 
with acetic acid, and the prodact dried and crystallised (see Table I11). 

4-Chloro-2-alhylihio-5- methylpyrimidines —The 4- hydvonypyrimidios was boiled under reflux wits a 
mixture of phosphorus pentac ide (1 mol.) and an equal weight of phosphorus oxychloride for 
45 minutes. Phosphorus oxychloride was distilled off is eacuo and the residue poured on crushed ice. 
The crude solid or oil was isolated with ether and distilled (see Table ITI). 


* Experiments by Mr. J. L. Lowe. 











Researcu CLanenapenine, Boots Pure Dave Co. Lrp., 
NorrinGcHam. (Received, November Bh, 1949.) 





91. Antituberculous Compounds. Part VI. p-(w-Alkoxryalkory)- 
N-arylhbenzamidines and Analogues. 


By F. C. Coopgr and M. W. Paxrripar. 


po ay yl at gee nee arg i-(p-N-arylamidinophenoxy 
shame (1) end -allmney-Sianydhananmnb@inan Gly bas tenen. seperted Sa, Beste ELand $98 00, 
1949, 2683, 9043) respectively. In these two series, differences were observed in the effects on 
poten + veape caber ems Gperlers  cnep mg mag Nn ytnancnipe re and aa we 
of the 


phenyl 
Changes in activity induced by substitution in the N-phenyl substituent of the amidine group 
and by replacement of the N-phenyl group by analogous ring systems were also examined in the 
same series. The preparation of certain analogues of (III) made possible some examination of 
the significance of the important functional groups in the monoamidine and diamidine series, 
and of the effect produced by the isosteric replacement of methylene by oxygen. 


lj ArNHCCe <NH)? < dee, CH, 0 SC(NH)-NHAr ROC Peay sis (ll) 


RO(CH,),0¢ SCCNM)NHR’ (IIL) 


The 2-alkoxyethanols described in the Experimental section were obtained in satisfactory 
yield by the method of Palomaa (Ber., 1902, 35, 3209); in a number of instances, the 
corresponding diether of ethylene glycol, as would be expected, was formed as a by-product. 
We find that 2-dodecyloxyethano!. which is claimed by Halasz (Bull. Soc. chim., 1941, 8, 170) 
to have been prepared in very low yield and to have m. p. 61°, has m. p, 22-24". The 
values said to have been found and required for the elementary analysis correspond to the 
composition not of 2-dodecyloxyethanol (C,,H,,O,) but of a compound, C,,H,,O; recalculation 
of the published results is not possible because of a misprint in the analytical data; it 
is unlikely that Halasz’s material was | : 2-didodecyloayctaane etter) which we find has 
m, p. 37-—-38°. Conversion of the 2-alkoxyethanols into the 
bromides was readily efiected by the procedures of Bennett and Heathcoat (/., 
and of Palomaa and Kenetti (Ber., 1931, 64, 797) respectively. 

elementary analyses of these alcohols and halides; their purity was therefore checked 
by determination of the molecular refractions. 

The preparative work involved in the production of the substituted pbeny! cyanides afforded 
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cyanide (Partridge and Short, /., 1947, 300). 
of activity in vitro, the N-substituted amidines were obtained in solution as their lactates. 

The activities against M. tuberculosis im vitro are recorded in the table. The activity of 
members of the series of p-(2-alhoryethoxy)-N-phenyilb ud (III; == 2, R’ « Ph, 
R = Me, Et, Pr*, Bu®, ON a ee ee cater benches 
to a maximum when R is C,—C, and then decreases with 
respect, the series resembles the 
Part III but differs from the di-(p-N-arylamidinophenoxy)alkanes (Part 11). 
activity in passing from the C, to the C, homologue, which was observed in the p-alkoxy-N- 
phenylbenzamidines, is not apparent here. There is some indication that the presence of serum 
in the medium during testing inhibits the activity to a lesser extent than in p-alkoxy-N- 

although this inhibiting effect of serum is more 


The outstanding feature of the p-(2-alkoxyethoxy)-N - 


III; this may be ascribed to the replacement of methylene by oxygen. Activities equal to or 
greater than that shown by 4-aminosalicylic acid, under the same conditions of test, are 
nevertheless retained. 

The dyschemotherapeutic effect of the replacement of methylene by oxygen is best illustrated 
by a comparison of the isosteres, eat ae a ae, Re m= mColhay, 
Ar = Ph) and p-(2-propoxyethoxy)-N-phem 
which are active at 1: 5,000,000 and 1: 5000—10,000 
less marked effect of this type of change by 
Friedman ef al. (J. Pharm. Exp. Ther., 1947, 89, 153). Some significance may possibly be 
attached to the position of this second ethereal oxygen atom, since the other isostere which was 
prepared, namely p-(3-cthorypropoxy)-N-phenylbenzamidine (Ill; n = 3, KR = Et, R’ = Ph) is 
active at 1: 50,000. This feature and the 500-fold increase in activity in passing from 
p-(2-phenoxyethoxry)-N-phenyl- —# n= 2, R = R’ = Ph) to p-(3-phenorypropoxy)-N-phenyl- 
benzamidine (IIl; » = 3, R = == Ph) are reminiscent of the alternation in activity noted in 
di-(p-N sendasra edt oem own n = 2, 3, 4, 5, or 6), in which members having an 
even number of methylene groups were inactive whereas members with an odd number were 
active. 

A comparison of the activities of p-( 
phenoxypropoxy)-N-phenylbenzamidine, and 
(Part II) (I; indi 
by 3-pheny! enhances activity in vitro, oe ee ie Oe eee 
serum, a second N-phenyl-substituted amidine group is necessary. Replacement of the 
paces group of p-(2-ethoxyethoxy)-N-phenylbenzamidine by hydroxyl (III;  « 2, R = H, 

== Ph) produces no important change in activity, but the ten-fold decrease in activity which 
yr in the corresponding unsubstituted amidines (II1; n= 2, R= Et, R’ = H) and 
(III; = = 2, R = R’ = H) provides evidence additional to that noted in Parts IJ and ITI of 
the importance of the N-pheny! substituent in the amidine group. The introduction of p- 
propoxy- (111; = =— 2; R = Me or Et, R’ = p-PrO-C,H,) and p-chioro- (III; = = 2, R = Et, 
R’ = p-C,H,Cl) groups into the N-phenyl groups of p-(2-methoxy- and 2-ethoxy-ethoxy)-N- 
phenylbenzamidines produces no important change in activity. As far as comparison is 
possible, this effect is in accord with what was found in corresponding p-alkoxy-N- 
arylbenzamidines reported in Part III and in contrast with the findings for 
di-(p-N-arylamidinophenoxy)alk (Part II), The N-cyclohexyl (III; n= 2, R= Et, 


R’ = —CH-CH eCHyCH, -CHyCH,), N-2’-pyridyl (III; » = 2, R = Et, 











R’ = —~EN-CH: CH-CH: SCH), and N-benzyl (III; « = 2, R = Et, R’ « —CHyC,H,) analogues 
of p-(2-ethoxyethoxy)-N-phenylb idine are of about the same order of activity as the 
parent compound. 

From the results obtained with seven w-alkoxyalkanols, it would appear that no special 
significance may be assigned to the activities of the Aeptyl and octyl homologues. Many similar 
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dried 
mm., was obtained (Found : C, 66-2; H, 12-0. 
7, and FeSO um 42-46). 
. i this cCompou 


x cf. Cretcher aad Mga ’ , . p- 

epi lonyethane! prepared in 62%, by the re described y ’ 
125° /28 mm. (Found: C, 668; H, 124. C,H,,0, requires C, 67-45; H, 12-6%), 0-8848, 
ip 47-04 feale. 47-15). 1: ee gy Ty (9%), obtained from the end-run of the 
. p. 174-176" /19 mm. (Found; ©, 73-8; H, 12-9. C,oH,.O, requires C, 74:35; H, 

$437, wif 1-4330, (Rip 79-60 (calc. 79-02) 
~~Interaction of octy! bromide (193 ¢.) with ethylene glycol (200 g., 3-2 mols.) 
(23 «¢. 1 atom) for 4 hours under conditions described for the amy! homologue, 
tion, afforded a two-phase distillate. The u . water-insoluble layer was washed 
with water, and the washings were used in the recovery of a i quantity of water-insoluble material 
from the lower layer. The water-insolable material, after being dried (KC. yielded 2-octylorycthanol 
(0 ? 52%), b P 192-133" /22 mm. (Found: C, 68-55; H, 124. C,H,,0, uires C, 68-9; H, 
276%), ©8811, wif 14397, (Ry)p 51-68 (calc. 51-74) is to in F.P. 44,641 
but no details are given. The end-run from the distillation afforded | : 2-dicctyloryethane (7%), b. p. 
188—101"/14 mm. (Pound: C, 75-6; H, 12-85. C,,H,,O, requires C, 75-45; H, 13-35%), Y o- \. 
ap 1-4368, [Rz\p 848-76 (calc. 89-00) 

2-Dodecyloxyethanol —-Prepared in 40%, yield by the method described for the foregoing compound, 
this as colourless plates, which had m. p. 22-24", to 14-—16° by dodecanol, and 
b. p. 142°/1-8 mm. (Pound: C, 72-4; H, 12-3. Cale. for C,,HgO,: C. 73-0; H, 13-15%), d 0-8708, 
wf 14432, (Xz)p 70-17 (calc. 70-33). Henkel et Cie (B. 142) record b. p, 170—174°/15 mm. 
residue in the still contained | : 2-didodecyloryethane (25%), colourless plates {from ethanol or isopropanol), 
m 37-38" (Pound: C, 7845; HM, 13-55. C,,H,.O, requires C, 78-3; H, 13-65%). 

Waldes - edie eg my bromide was obtained by interaction of phosphorus tribromide, 2-ethoxy- 
ethanol, and pyridine by the method of Palomaa and Kenetti (Joc. cit.) in 53% yield and had b. p. 126-— 
127° 767 mm. (Vogel, /., 1948, 644, records b. p. 128°/768 mm.). The method of Org. Synth., 1043, 23, 
32, in our hands consistently failed to give ter than 38%, yield either of this compound or of 
2-methoaxyethyl bromide 

2.Pvopesyethy! chloride. Interaction of thionyl! chloride (78-5 ¢), 2-propoxyethanol (62-5 g¢.. 0-91 
mol), and dimethylaniline (87-2 ¢., 1-1 mols.) the method of Bennett and Heathcoat (/oc. cit.) afforded 
2-propexyethy! chioride (41 g., 69%), b. p. 128-—131°/760 mm., aff 1-4163 (Karvonen, Ann. Acad. Sci. 
Fenn, 1012. A, 3, No. 7, 1, gives b. 130° /756-3 mm., »ff 1-41756; Skiyarov, /. Gen. Chem. U.S.S_R., 
1939, 8, 2121, gives b. p. 119-120", wf 1-426). The method of Foran (/. Soc. Chem. Ind., 1925, 44, 1731) 
failed to give any of the desired product when applied to the preparation of 2-propoxyethyi bromide 
(ef. Bennett and Heatheoat, foc. ett.) 

2-Butoxyethy! chioride, epared in 66% yield by the procedure described for the f ‘ 

p. 153--154°/755 mm., wf 14220. Palomaa and Kenetti (icc. cit.) give e Pp. 


*/700 mm., and Chalmers (Canad Research, 1932, 7, 464) gives b. p. 153-—-154°, whereas Sklyarov 
(lee. 41.) records b. p. 136-141" and wf? 1-431 
2-Amylosyethy! chloride. After interaction of thionyl chloride (49 g.), 2-amyloxyethanol (49-6 g., 
0-91 mol), and dimethylaniline (545 ¢.. 1-1 mols.) according to the method of Bennett and Heathcoat 
(Jee. ctf), it was found advan to remove sulpbur dioxide from the ethereal extract of the 
by treatment with sodium hy gen carbonate before drying, evaporation, and fractional tion ; 
yield, 37-2 ¢. (66%); iehisg: {35 mm., 174-—175° /763 mm. (Found: C, 55-96; H, 10-3. C,H,,OCI 


requires C, 55-8; H, ; GP O-0963; aff 1-4261; [g)p 41-22 (calc. 41-15) 
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ey an trp yy agente of Semen ent ou. 
ia ey ound : Rey Paes eregeleneet lnc te 


Doge hairy ae a 


& bs “J ans, tice 23: (calc. 53- 
yethyl —- oS 51% yield in re es ys . 126-—127°/14 mm. 
C, 040; “A 84; Br, wit, ,OBr 7%). oe 1-1085, 
Chale 3401 (calc. 57-93). 4 acme eres Geatpeanhindanes nt. oa 


loxyethanol (76-6 g.) and pyridine 0-2 mol. 
.. &4 mol) at at 200 After this thas had bee | 
evaporated. : ; a3 a Ss 
b. p. 132—133°/1 mm. (Found : harry Br, Si Cala tana es OR: 
Br, 27-26%), d@* 1-0418, Pia, Cale i078 (calc. 76-52). 

Bont halide by the mathod desribed i 


invol 
ed to i—3 days. 
ere 





70%), b. p. 1T1—174°/0 os mm., ‘5012 | 

pee *. i439. p. } - f 

WX rotuire 51% + SLs (73%), 
25%); pt 


of 
Hi 


acetate solution 
from benzene ( ana: m. p. §6-5-——-87-6") (Found: N, 8&7. Calc. for C »N: N, 86%). Boyd 
ee , 104, 106, £138) Cc ¥ nae { 2-pheno: hyl bromide 
(2-Pheno ) ry’ u quantities of 2-p! xyethy and 
codhals mL Jere tolled tagether for 16 bobre ta ethondl: the product which separated 
on addition of water crystaltioed from light MOAN requires 8. (b. be) 106-120") in colourless leaflets (70%), 
m. p. 112-——113° (Found: N, 5-9. Cun 
p-(3- ahr yg ara cyanide, in a similar manner to the foregoing compound, 
Nhe (b. p. 100150") as leaflets (70%), m. p. 72--73" (Pound: N, 5-6. 
bars soquboes oN. 
eeSeunded-attesy) pt —The p-(substituted-alkoxy)-N-arylbenzamidines described 


in he table were Sot heating the te  botianted-aibeerirbeert cyanide with 
ee eqeves wane ium benasacsn) at 210° for 1-—2 hours (Oxley and Short, loc. cit.). 


double decom- 


hydrochloride, with 
Ses 
ted ethanolic 





se aes Seca 
ym -liquors, had m. p. Fae ay , yO, N, requires N, 15-55%). 
p-(2-Ethoxyethoxy)benzamidine.—A mixture of bs aoe cyanide (9-6 ¢.) and dry 
hydrogen imino-ether hydrochlonde 
ammonia (35 c.c.) for 6 days. On 
crystallised very slowly from isopropancl with erat tion and had mp 76-76" (608 &. 
m io 
38%) (Found, om material dried at 30°: N, 11 N, 11-36; Cl-, 14-35, CH, ON Cl requires ¥, 11-45; 
145%). The picrate (3-1 g., 14%), obtained a from the mother goes, erystalized os needles 


from 
ya it melted at at les 0, 
loss at ber jves., 6-0. “. a ol atrial" 1008. Coll CoN GO regis 


ee CH ON The benzoate, plates (from wa’ m. 


Ge, tne..¢ 
and the mixture was heated at 
precipitate obtained 
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b. oer vont. 9-65. ~, requires 
wae yet aa om Sik eaesuadinatene atiates bu -62> 
Buco ma 5 sinter meaner te 
kote t grande (Feabinyethonyipenyt a eee 
needles, m mp iol t02" ound : x 14-95 Ba Calls tegue ne ie lt eb. th The ewasbionte long 


= aqueous ethanol, had ee Found: N, 1635; C,H,O,N, 444. 
oe te cnatonmnitins. “t's Ee Sea caycthany phony! cyanide (955 ¢.), benzyi- 
nim (538 sr 





mol), and aluminmm chloride (6-7 g., 1 mol.) were brought into reaction in the usual 
3) minutes Basic material, liberated from an aqueous solution of the melt sodium 
purified wa the lactate, again liberated, in 


ant sneovened, te tian ona -bensylbenzamidine from a solution 

of the reudue in hight petrleum (bp 100 arg te 5 24%), m. p. 80-5-——81° (Found: N, 
o5. tenis rt bens ao yor Bosh re The picraie, m. 56-58", was obtained as clusters of yellow 
Geet: ta ob OP four 4" Found, on dried. materia N, 134. 


apt ae Tehran set Cyanile (06 ¢) and bensylammonsum thiocyanate 


(83 mol.}, heated at 180° for 106 minutes, afforded f worked op in the wal way (Partridge 
Or hoon bes joe, oit.), the amidinium picrate (0-6 g¢., 3%, mp. mixed m. p. 56—58" 


The authors gratefu their indebtedness to Mr. C. E. Coulthard, Dr. L. Dickinson, and 
oe ae ond eee W. F. Short and D. A. Peak for their interest in the 
work. Thanks are due to Miss M. Birchmore and Miss FP. Skidmore for carrying out the analyses. 


Reseanca Lasosarostes, Boors Pure Deve Co. Lrp., 
Norriwomam 
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92. Some meso-Amino-acridines and -quinolines derived from 
2-Aminodi phenyl. 


By J. H. Wiixmsor. 


Several new derivatives of 5-aminoacridine and uinoline have been prepared in 
order to study their effects on mitosis and tissue respiration ficulty was experienced in the 
preparation of 5-ammo-|-p-sstrophenylacridime , the reaction of |-p-sitrophenylacridone with 
phosphorus oxychloride is discussed 


Tue observations of Dustin (Arch. Exp. Zellforsch., 1939, 22, 395; Sang, 1937, 12, 677) and 
Bucher (Z. Zeliforsch., 1939, 29, 283) that trypafiavine (acriflavine) possessed a powerful 
inhibitory effect on mitosis suggested that it might be profitable to study certain other acridine 
derivatives from this viewpoint. A preliminary report (Lasnitzki and Wilkinson, Brit. ]. 
Cancer, 1948, 2, 369) showed that several other compounds of this type inhibited mitosis in 
tissue cultures of chick-embryo fibroblasts, and that it would be desirable to extend the study. 
Recently a number of quaternary salts of heterocyclic compounds has been prepared by Hartwell 
and Kornberg (/. Amer. Chem. Soc., 1045, 67, 1606; 1946, 68, 868, 1131) and some have shown 
activity against tumour cells (Peters, “" Approaches to Tumor Chemotherapy,"’ 1947, p. 244). 
In the present work therefore, the emphasis was originally placed on the preparation of 
quaternary salts, but the biological results (Lasnitzki and Wilkinson, Joc. cit.) have indicated 
that, with acridine derivatives, quaternisation was not an essential pre-requisite for anti-mitotic 
activity (contrast O'Connor, Nature, 1949, 163, 408; Brit. ]. Exp. Path., 1949, 30, 30). Several 
new derivatives of 5-aminoacridine have therefore been prepared with the object of examining 
their effects on cell divimon and respiration. Similar 4-aminoquinolines have also been prepared 
for comparison. The biological results will be published elsewhere 

The 5-aminoacridines were prepared by standard methods from the appropriately substituted 
anilines which were condensed with o-chloro- or 2 : 4-dichloro-benzoic acid to give the corres- 
ponding diphenylamine-2-carboxylic acids. 4: 4’-Dinitro-2-aminodiphenyl, however, failed 
to react under any of the conditions tried, whilst 4’-nitro-2-aminodipheny! reacted normally to 
Kive 2’-p-nitrophenyidi phenylamine-2-carborylic acid. The acids were cyclised with phosphorus 
oxychloride to give the corresponding 5-chloroacridines, but the 1-p-nitrophenyl derivative 
proved so sensitive to hydrolysis that it could be obtained only in minute amounts, the bulk being 
isolated as 1-p-nitrophenylacridone. Interaction with ammonium carbonate in molten phenol 








(1950) -quinolines derived from 2-Aminodiphenyl. 465, 
by the method of Albert and Gledhill (J. Soe. Chem. Ind., 1945, @4, ear, ae Sane 
phenylacridine, 8-chloro-5-amino-1l-phenvlacridine, and 5-amino-1- 


p-Nitrophenylacridone (I) proved highly resistant to phosphorus oxychloride, 
because of the effect of the nitro-group on the ratio of the contributing resonance forms (cf. 


£0 


Ne 
LA 


ws J., 1945, $06). Thus it is probable that the compound exists largely as the “ ¢-nitrolic 
* (11), a suggestion supported by the red colour of a solution in alcoholic sodium h 

Sak scnnsie nance the proton will not be available for the formation of the 5-hydroxy- 
acridine structure presumably necessary for the promotion of reaction with phosphorus 
oxychloride. It must be assumed that the effect of the nitro-group is accentuated by trans- 
mission through the phenyl group, for 1-nitroacridone, though it does not react under normal 
conditions with phosphorus oxychloride, undergoes chlorination with phosphorus pentachloride 
in a high-boiling solvent (Albert and Gledhill, /oc. cif. ; cf. Hampton and Magrath, /., 1949, 1008). 
-Nitrophenylacridone failed to react with ‘ 


but neither reacted satisfactorily with phosphorus , 
The quinoline derivatives were prepared by condensing various 2-aminodiphenyls with 
pene Nate ap age ester (Gould and Jacobs, J. Amer. Chem. Soc., 1930, 61, 2890; Price 
, 1046, 68, 1204; Duffin and Kendall, /., 1948, 893). 





quinolines by phosphorus oxychloride. Subsequent treatment with ammonium carbonate in 
phenol at 180° gave the required 4-aminoquinolines. 

An attempt was made to prepare the quaternary ]-methyl derivatives of 4-amino-8-phenyl- 
an | -8-p-mitrophenyi-quinoline by the methods used for the acridine compounds, but this succeeded 
only in the latter case. The product was reduced to the corresponding 4 : 4’-diamino-compound 
(isolated as its bromide hydrobromids). 

When 4-acetamido-8-phenylg i was heated with methyl sulphate in nitrobenzene 
solution and the product hydrolysed with hvdrobromic acid, an uncrystallisable oil was obtained. 
However with methyl toluene-p-sulphonate in the absence of a solvent it gave 4-acelamido-8- 
phenyl-1-methyiquinolinium toluene-p-sulphonate. Removal of the acety! group proved difficult, 
for the compound was recovered unchanged after being heated with 2n-sulphuric acid of 
-hydrobromic acid at 90° for 2 hours. Boiling with 4n-hydrobromic acid, however, not only 
deacetylated, but also deaminated, the product. 





EXPERIMENTAL. 
(Analyses are by Drs. Weiler and Strauss, Oxford. M. p.s are uncorrected.) 


5-Chloro-2’ Dyn mgt ge ye Acid.—A solution of 2: oy et ao | acid 
potassium carbonate (7 g. 2-A 
for 6 hours. am 
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separated and the solvent Tres 
a in a ae et (Found: N, 5.2 


Dichloro-!-phenylacridine (5 = 
fopeayaeeets el 


requires 


+4 nd (1 g.) with 
 eabeydride (6 c.c.) and sustie acid (3 ¢ ¢.c.) at 105° for inutes, cooled mixture 


~ eee dioxan in fine pale yellow needles, m. p 309° (Found : N, 
cea wetline di bromide. The above acetyl derivative (0-7 g.) was 


io c« Sin nitrobenzene (7 c.c.) at 140-150" for | hour. After treatment 
was collected and h 


pte eae 
28. Ctl yeNiC lie requires 

iy Nirgphwvinpen oman canbe Ad 

1 (1-1 g.) and (1 g.) were added, and mixture was refluxed for 6 hours. The solvent 
removed steam Pe Sot Ge ene See Sectelitee’ teas Wie skecad to wetokt emane 

Nar cpastoatr olthte  toout a rae Gea C ee ttt, ht orang 

needles, m. p. 243° in most organic solvents (Fou Cc, 68-6; H Ne 
mig rogares C, 663; H. 4-2; N, 8-4%). 

Ammo —— mf Pre yidiphenylamine-2-carboxylic acid (0-7 g.) was 
oun with ¢.c.) as described for 5: §-dichioro-l-phenylacridine. The 
resultant crude :-S aitrephanylacsiéine proved very susceptible to hydrolysis during isolation 
and it was considered advisable to attempt the conversion of this material into the corresponding 
cee eine without further purification. 1-p-Nifrophenylacridone (0-45 ¢.) was obtained as a 

this crystallized from eae ae = p 262263" (Found: N, 

Cag way requires N, &-0% The crude 5-chioroacridine (0-25 Ti was dissolved in phenol 

ie), ) y-4 and treated with ammoniwn carbonate (0-1 g.) at 120° for 1 hour. Acetone (10 c.c.) was 

tate the yellow hydrochloride, which was sparingly soluble in cold water and underwent 

sans te to the acridome when an aqueous suspension was heated. The base was obtained by 

the hydrochloride in 90% alcohol and stirring at 20° with a small excess of 2x-sodium 

. rexide. After} hour this was o sted by filtration and crystallised from chlorobenzene. 5- A mino- 

een (90 mg) was obt as red dies, m. p. 277-278" (Found; C, 71-5; H, 43; 

Pis0 Cy OLN, requires C, 72-3, i. 413; N, 133 

Mp taltenionts 

















ome ~-1-p-Ni heny lacridone A SR — and heated on a 

water-bath with stannous chloride A A 1H) hydrochloric acid (50 c.c.) for 2 hours. The mixture was 
and the solid ted. It was triturated several times with S5nx-sodium hydroxide 

1- fog eon sem lh was thus obtained as a red powder which crystallised 

from pyridine in irregular orange crystals, m. p. over 300° (Found: N, 95. C,,H,,ON, requires N, 


o>) 





A phenyidi phenyl 2-carborylic Acid. —2’- nen) re 

‘Th #2.) was heated under volun with stannous chloride (6 g.) in (26 c.c.) and hydrochloric 
acid (fd 1-16, 15 cc.) for 3 hours. During this period the solid slowly dissolved. The alcohol was 
removed by distillation, and the cooled resulue treated with saturated. sodium acetate solution (100 cc.) 
The solid was collected, washed with water, and drained as completely as possible. [t was then extracted 
with three 100 ¢.c. portions of boiling alechol. The solvent was removed and the residue dissolved in 
8 /2-ecdtum hydroxide. Acidification with acetic acid gave 2'-p-eme idiphenyl -2-carboryliuc 
acid which crystalleed 7, o% akohol in bufl-coloured hexagonal plates, m. p. 188—189° (Found 
C, 747; 4,535, N, 89 Hic requires C, 74-6; H, 5-25, N, 02% 

5-2 Paseyietiylemioosetdies SChtoroacridine (10°67 g.) was dissolved in phenol (30 g¢.) at 70°; 
2-phenylethylamine (6-1 g.) was added, and the mixture heated at 120° for | hour. A green gum was 
precipitated from the cooled melt by treatment with ether (100 cc). When kept, this hardened to a 
yellow solid which was washed with ether and crystallised twice from methanol. 45-2'-Phenylethylamino- 
acridine Aydrochloride (11-7 g., 70%) was thus obtained as lemon-yellow rectangular prisms, m. p. 214— 
215°, sparingly soluble in water but readily soluble in alcohol (Found: N, 81; Cl, 10-9. C,,H,.N, HCI 
requires N. #4; Cl, 106%). The bese was obtained as an oil which crystallised, on treatment with 
benzene and light petroleum (b. p. 40-00"), in bright yellow irregular crystals, m. p. 79—-80°, highly 
soluble in most organic solvents (Found; C, 846; H, 6-25; N,®1. C,,H,.N, requires C, 84-6; H, 6-0; 
N, 9 +) The acetyl derivative separated from alcohol in colourless needles, m. p. 230° (Found: N, 
8-3 ell, ON, requires N, #2% 

Quitetine Devivatives.—-Ethyl “‘bhydrosy-8 phenyigquinolime-3-carboxylate. 2-Aminodi yl (16-9 g.) 
and ethaxymethylenemalonic ester (21-6 g.) were dissolved in “’ Dowtherm ” (70 c.c.). temperature 
af the solution was gradually raised to 270°, and the alcohol eliminated during the reaction collected 
(03 cc. Theor.: lidce), The ester (23-5 g., 80%) which ey from the we a was 
collected by filtration and washed successively with benzene ht wae | (b It 
crystallised from alcohol in colourless needles, m. p. 249° (Found : C, ot 7; H,55; N bs eh Cai 0,5 
requires C, 73-7; H, S12; N, 48%). 

4-liydroxy-8-phen -S-carboxylic acid. The ethyl ester (20 g.) was heated under reflux with 
by-sodium hydroxide (100 ¢.c.) for 1} hours, whereby complete dissolution was obtained. After cooling, 
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the mixture was filtered, diluted with water (200 c.c.), and acidified with 
the acid (18 g.), colourless rhombes 
alcohol (Found: C, 723; H, 43; 


into the base (1-1 g.) with aqueous m bh 
m. p. 166° (Found: C, 81-8; H, 5-45; ~ 1 
utes Cio stad from slochal tm 5-35; N, ‘to. 

, 10-9. . wires C, 77-9; 

(-dcctoniae'd ph nytt , 
[mere op or prod: g.) and methyi tole Iph 

cooled melt was crashed and tnturated with hot bensene residual salt crystallised from 

alcohol in colourless needles, . 254-255" (Pound: C, 67-1; H, 5-4; N, 63; S$, 71. CaHl.s0,N,S 
open & io oe lea ; 8,74 : 

A ydrolysis © 1 imolams 

Auompend Hedreiyes of ¢-dencmiie’ pleat i-artiale 

. ted on cooling had m. p. 254° and 
(ii) Similar treatment with 2n- 











Sinah of tans pabertins wep ee ee a, 2 ae Sh conpend ag Yen see 
or its t ne tag Sh p <, co H, red of N, Pa Eilts rope C, 76-3; rm at 


‘+h ry-8-p-mitrophen noline-3-carboxylate. 4'-Nitro-2- pw (10-7 g.) and 
wpe oa rar Teagan 
theoretical amount o was a rs. uct (13-0¢ which 
with . The ester 2. in most 





organic solvents, and 
63-7; H, 42; N, 85, 
ce Hydrosy- 8-p-nitrophen 
with 2n-sodium hydroxide ( 
Glass tcatenyie » acid nt ) 


este pay m. p. 280° ¢ . 
crystallisation was found. The ad Dh alensunes added to boiling “ Dowtherm " (60 c.c.), and 
the mixture maintained at 250— hour a cooled. The uct (9-65 f 95%) was 
collected, washed with benzene and m (b. p. 40-60"), and at 100°. It crystallised 
from 70% aqueous pyridine in yellow . > 300°, sparingly soluble in most organic 
solvents (Found: N, 10-7. CysH ON, Peres 81 ai < T - 

4-ChAloro-8- nitropheny noline, 4 rox uinoline ( ) was refluxed with 

5 elven el cc} tox 9 hours peramamtmnaeet poured on crue i , and 
neutralised with aqueous ammonia. The solid base (10-15 g., 
gage we nace ne) ee tata ee arate eHow N, 9-6. Ctldoys 
4-Chioro-8-p-nitrophenyiquinoline 


4-Amino-8-p-nitrophenylquinoline. 
phenol (27 g.) at 100°, Se ates 
was raised to 180° for 2 hours. The product (5-8 g. 
inoline. 4-4 Siremk ic Grarh t : lemon- yellow, nm 
. 224—225° (Found : C, 67-6; #15; N, 160. C,,H,,O,N, requires C, 67-0; H, 4-15; 
derivative from wo ple plas ann 


m. p. 242° (Pound : 
ovens 13-65%). 


bromide. 
ores and treated with methyl sa enh set te r, 
cooled mixture was treated with benzene (25 cc.) and set aside 4hours. The gum was washed by 
uy ed with water 4: Amano bp strophomy-L-may 
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in bright yellow needles, m. p. 188", 
readily soinble in diouan oa =z (Found 
: 75%). 





Derantuent or Curmicat Patwoiocy, 
Wrerminerex Mepicat Scuoot (Universrry or Lorwpon), 
17, Hoxserexey Roan, Lowpon, §.W.1. (Received, November T2nd, 1949.) 


93. The Structure of Molecular Compounds. Part IX. 
A Compound of Xenon and Quinol. 
By H,. M. Powerit. 


The preparation of the compound of composition 3C,H,(OH),.0-88Xe is described. The 
compound, similar in properties and structure to the corresponding argon and krypton 
compounds, contains 26% of xenon. 


Iw Parts VII and VIII (/., 1960, 298, 300) the preparation of compounds of quinol with argon 
and with krypton was described, and from consideration of the sizes of inert-gas atoms, which 
in these compounds are enclosed in a cage structure formed by hydrogen-bonded quinol 
molecules, it seemed probable that xenon would also fit into the cavity and thus form a similar 
compound. 

The preparation was carried out in the manner previously described (Part VII) by cooling 
an aqueous solution of quinol in a pressure-vessel containing xenon. With the material 
available the highest pressure obtainable was 14 atmospheres. In these conditions the product 
obtained in the first experiment contained xenon but did not, as in the case of the argon and 
krypton compounds, contain large crystals suitable for separation by sieving or hand picking 
from any a-quinol present. From the loss of weight on heating it was found to have about 
one-third of the xenon content expected for the formula 3C,H,(OH),,Xe. The product was 
not homogeneous and contained a smal) proportion of material of density greater than that of 
carbon tetrachloride but the bulk of it had a lower density. A second preparation gave 2 g. of 
product from which a few stumpy crystals of about | mm. diameter were separated by hand. 
Most of the product was then thrown into carbon tetrachloride and the main portion removed 
by flotation. About 01 g. of a dense fraction that sank in carbon tetrachloride was separated, 
and the xenon content determined. This part contained 26% of xenon (3C,H,(OH),,Xe 
requires Xe, 285%). The composition of the analysed sample may be represented as 
SCH (OH),,0°88Xe, 1.¢., 88% of the available cavities contain a xenon atom. The density 
of the hand-picked crystals was determined by flotation in mixtures of carbon tetrachloride 
and ethylene dibromide. The highest value observed was 1°69 g./c.c. The density calculated 
for the xenon compound, on the assumptions that it has the same unit cell dimensions as the 
argon compound and that all the cavities are occupied, is 1°77 g./c.c. The observed value 
corresponds to a composition 3C,H,(OH),,0°84Xe. The high density readily distinguishes the 
substance from the quinol compounds of argon or krypton, which have calculated maximum 
values of 142 and 1°59 g./c.c., respectively, and as prepared have somewhat lower values than 
those calculated. 

The crystals are colourless and show no signs of decomposition after several days. On 
dissolution they liberate xenon, and, on heating, quinol volatilises and thus sets free xenon. A 
preliminary X-ray examination shows that they have a unit cell similar to those of the argon 
and krypton compounds. 
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The less dense fraction of the yield removed by flotation with carbon tetrachloride contained 
10% of xenon. It may be a mixture but has not been examined in detail. 


The author his thanks to the British Oxygen Co., who prepared a suitable cylinder of 
imtwribea 
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94. 0-Mercaplo-azo-compounds. Part I, The Coupling of 
Tetrazotised 2: 2'-Diaminodiphenyl Disulphide with §-Naphthol. 
By A. Burawoy and C. Turwerr. 

A general method for the preparation of the hitherto unknown ¢-mercapto-azo-compounds 
produc! dacompasng sponastonay to yall tna ahr Sdinosks (V) The tsteamonioes 
OO Oe eS i a Sp Cane eae ae cvyar Ay Att 
the formation of benzthiadiazole. 
"Coupling takes Place when the concentrated wuipharic acd solution is added 





disproportionation in 
Saas 1-az0)pheny! —— 

acid (1X), whereas in sodin: 
—- SG 


to 
> le ees Sale 
structures of the products are established by unambiguous methods. 


Ow1nc to their technical and theoretical importance, o-hydroxy-azo-compounds have been the 
subject of numerous investigations. A study of the properties of the corresponding o-mercapto- 
azo-compounds should also be of interest. Such substances are as yet unknown, partly because 

the methods normally used in the preparation of the o-hydroxy-azo-compounds (reaction of a 
diazo-compound with a phenol coupling in the o-position, and reaction of a diazotised o-amino- 
pheno! with a suitable coupling component) are not applicable in this series. Thus, 

are unable to couple, forming instead the corresponding diazothio-ethers Ar-NIN*SAr’ which 
apparently cannot be rearranged to yield azo-compounds (Ziegler, Ber., 1890, 23, 2471; Stadler, 
Ber., 1884, 17, 2076; Hantzsch and Freese, Ber., 1895, 28, 3237; Dunn and Fletcher, Trans 


NH, 


(i. 


Kansas Acad. Sci., 1934, 87, 123), and o-aminothiophenols yield 
benz-1-thia-2 : 3-diazoles (cf. Bernthsen, Annalen, 1889, 251, 30; anenr és a. 
ibid., 1893, 277, 209, 237, 257). 

A few o-alkyithio-azo-compounds have been prepared, but only 2: 8’-dijmethyRhisjane- 
benzene (Brand, Ber., 1909, 42, 3463) and 5-nitro-2-methylthiob §-naphthol (Hodgson 
and Dodgson, J., rome yeh rhymin oa ons oe be fete 

We first considered the possibility of tetrazotising 2 : 2’-diaminodipheny! disulphide (1), 
coupling the tetrazonium salt (II) with $-naphthol, and finally reducing the di-o-(2-hydroxy- 
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naphthalene-l-azo)pheny! disulphide (111) formed to 1-(o-mercaptobenzeneazo)-2-naphthol 
(IV). Although we have succeeded in our aim, the reactions proved to be very complex.* 

Previous attempts to prepare the tetrazonium salt of 2 : 2’-diaminodipheny! disulphide or to 
couple it have been unsuccessful. Jacobson (Ber., 1887, 20, 1902) mentioned that boiling 
diazotised 2 : 2’-diaminodipheny! disulphide with water yields the steam-volatile benz-1-thia- 
2: 3-diazole (V). Hodgson (J. Sec. Dyers and Col., 1924, 40, 330) obtained a 50%, yield of (V) 
on diasotising the diamine in dilute mineral acids, no coupling with §-naphthol being observed. 
Guha and Ghosh (J. Indian Inst. Sei., 1929, 12, A, 31) claimed the isolation of the tetrazonium 
salt (11), describing it as insoluble in water and unable to react with aniline or potassium ethyl 
xanthate; they also stated that it decomposed when stored at > 20° or on subjection to the 
action of reducing agents or of coupling components, with the formation of a brown tar which, 
on steam-<distillation, yielded (VII) by dehydration of di-o-hydroxypheny! disulphide (V1). 
Not only does this contrast with Jacobson’s and Hodgson’s earlier observations, but (VI) has 
already been described by Haitinger (Monatsh., 1883, 4, 165) as stable up to 200°. 
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Re-investigating the action of nitrous acid on 2 : 2’-diaminodipheny! disulphide, we found, in 
agreement with Hodgson, that in dilute bydrochloric or sulphuric acid benzthiadiazole contamin- 
ated with varying amounts of resinous material separates immediately on addition of sodium 
nitrite, and that it can be isolated in 45-60% yield by ether-extraction. We do not confirm 
Guha and Ghosh's claims. The supposed tetrazonium salt decomposing above 20° is 
undoubtedly impure benzthiadiazole which melts at about 24° and solidifies again on cooling. 
Steam-distillation yields pure benzthiadiazole, but no (VII). 

The tetrazonium salt (I1) is formed when diazotisation is carried out in concentrated sulphuric 
acid with nitrosylsulphuric acid. It is stable in this medium, but is slowly decomposed by 
water with the formation of benzthiadiazole. When the sulphuric acid solution is poured into 
ice-water and the resultant clear solution immediately extracted with ether, only traces of 
benzthiadiazole are obtained. However, it soon begins to separate and after about three 
hours can be extracted in about 75% yield. This, incidentally, compares favourably with other 
known methods of 

The slow degradation of the tetrazonium salt (11) in water is also indicated by coupling 
samples of the solution with §-naphthol in aqueous sodium hydroxide. The amount of the 
violet-red disalphide (III) formed (cf. below) slowly decreases with time when the tetrazonium 
solution is set aside (at 0°) — coupling, and after a few hours’ storage none is obtained. 
In its place a small amount (< 5%) of an orange-brown azo-compound is formed which has been 
identified as di-o-(2 frmeremthaoe nth l-azo)pheny! sulphide (VIII) by unambiguous synthesis 
from tetrazotised 2 . 2’-diaminodipheny! sulphide and $-naphthol. 

Treatment of the sulphuric acid solution of the tetrazonium salt with aqueous cuprous chloride 
gives, not 2: 2’-dichlorodipheny! disulphide, but an orange-brown compiles of benzthiadiazole 
and cuprous chloride, the yield of benzthiadiazole obtained by ether-extraction after addition of 
- sodium hydroxide being about 64%. 

Since the tetrazonium salt is decomposed by the action of water, coupling was carried out by 
direct addition of the concentrated sulphuric acid solution to alkaline solutions (or suspensions) 
of §-naphthol. The resultant products varied considerably with the nature of the alkali used. 
Three distinct reactions may occur which, fortunately, can be realised separately by coupling 
im aqueous solutions of (i) sodium hydroxide, (ii) sodium carbonate, and (iii) sodium hydrogen 
carbonate, sodium acetate, or pyridine. 

In the first case, benzthiadiazole (V), the disulphide (111) (which dissolves in organic solvents 


o Hydroxyazo-compounds are formulated in this paper for convenience 
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with a characteristic violet colour), and bright red sodium o-(2-hydroxynaphthalene-1-azo)- 
benzenesulphinate (as 1X) are formed. 

Coupling with the sodium salt of §-naphthol in excess of sodium carbonate yields benzthia- 
diazole and the reddish-brown o0-(2-hydroxynaphthalene-l-aso)\phenyl 2-hydroxy-\l-naphihyl 

7 % cet ee es a nme est Pour toa 

Finally, in excess of sodium hydrogen carbonate, sodium acetate, or pyridine, the disulphide 
(III) is obtained alone and in good yield. 

The structures of the various azo-compounds isolated were determined as follows. The 
disulphide (I11) was reduced with sodium sulphide at room temperature and subsequently 
Sats Scpesdunh upeduetgh cannula necee tor onattines thamaeipuatammeaetias Hae 
with a product synthesised unambiguously by coupling diazotised o-methylthioaniline (XII) 
with §-naphthol. 
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Acidification of an aqueous or alcoholic suspension of the sparingly soluble biuish-violet 
sodium salt of 1-(e-mercaptobenzeneazo)-2-naphtho! with hydrochloric or acetic acid at room 
temperature yields the orange-red thiol itself, the first o-mercapto-azo- d to be isolated, 
It is very sensitive to heat. In solution or in the solid state it is easily converted into a brown 


alkali-insoluble product. Its structure and the properties of o-mercapto-azo-compounds will 
be discussed elsewhere. 





MeO 4\/% 
| 


(XVI ) 


The sulphide (X) yields with diazomethane the 2’-methyl ether (X11), the hydroxy! group in 
1-benzeneazo-2-naphthol being unreactive under these conditions (cf. Kuhn and Bar, Annalen, 
1936, 516, 143). The structure of this ether was established by unambiguous synthesis from 
o-nitrophenyl 2-hydroxy-l-naphthyl sulphide (XIV) (Zincke and Farr, sbid.,1912, 391, 55) 
by methylation with diazomethane to (XV), reduction with stannous chloride to the amine (XVI), 
diazotisation to give (XVII), and finally coupling with §-naphthol. 
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(XVIII) end the corresponding p-altreboneyl culphone’ (KIX). Its structure, besides being 
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suggested by general propertyes characteristic of sulphinic acids, was established by conversion 
BS Bea once eran ticle wn 5 sear erent yet taeda 92 ae tel te and (ii) by 
hydrogen bromide in cold glacial acetic acid into o-(2- 

Stasi GUA: aah ccbdemation ub-die Wane. ots banctaneh ta aemetaeies sate Gr do 
sulphide (X). 

Aromatic sulphinic acids ArSO,H are known to yield, with hydrogen bromide in glacial 
acetic acid, either the corresponding sulpheny! bromides ArSBr or the disulphides ArS-SAr 
depending on the reaction temperature and the nature of the sulphinic acid (Fries and 
Schiirmann, Ber., 1914, 47, 1195); and aromatic sulpheny! halides are known to react with 
f-naphthol in suitable conditions to form l-aryithio-2-naphthols (Zincke and Farr, joc. cit, ; 
Pries, Ber., 1912, 46, 2065). 





Discussion 


The spontaneous separation of benzthiadiazole on addition of sod’um nitrite in dilute 
hydrochloric and sulphuric acids shows that the diazotisation of 2 : 2’-diaminodipheny! disulphide 
. in the main, only as far as the monodiazonium salt (XXI). This spontaneously splits 
into benzthiadiazole (V) and probably aniline-2-sulphenic acid (XXII) which may undergo 
condensation to (X XIII) or other more complicated changes, yielding some unidentified resinous 
products. Any tetrazonium salt formed would decompose only slowly, with the formation of 
benzthiadiazole (cf. above). This is similar to the behaviour of o-phenylenediamine which 
cannot be tetrazotised in dilute acids, the monodiazonium salt (X XIV) spontaneously condensing 
internally with the formation of benztriazole (XN XV) (Ladenburg, Ber., 1876, 9, 219), whereas in 
concentrated sulphuric acid the reaction proceeds to the stable tetrazonium salt (X XVI) 
(Hodgson and Walker, /., 1935, 530). 


NH 
(AXV 
The slow decomposition of the tetrazonium salt (11) on addition of its solution in concentrated 
sulphuric acid to ice-water should yield benzthiadiazole (V) and diazobenzene-2-sulphenic acid 
(XXVIII) (or its anhydride) in equimolecular proportions. Since at least 70% of benzthiadiazole 
is recovered, the sulphenic acid must have undergone further changes which have not yet been 
fully elucidated 


NX 
S~OH 


N=N X- 
AANVI XAVIT (XXX) 


Substances forming the unstable sulphenic acids ArS-OH (such as the sulphenyl halides 
ArSX) are known to undergo easy disproportionation to the corresponding disulphides ArS-SAr 
and cither disulphoxides ArSO-SOAr or sulphinic acids ArSO,H (Zincke and Farr, loc. cit.). 
Therefore it would be reasonable to assume that diazobenzene-o-sulphenic acid (X XVII) would 
behave similarly and would form the tetrazonium salt (II), which would again decompose 
yielding an additional amount of bensthiadiazole, and either the tetrazonium salt of 2: 2’- 

yi disulphoxide (XXVIII) or diazobenzene-o-sulphinic acid (XXIX). However, 
coupling with alkaline §-napbthol yields, rather surprisingly, instead of the corresponding azo- 
compounds, the monosulphide (VIII). Our experiments do not afford any evidence for the 
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mechanism of the formation of tetrazotised 2: 2’diaminodipheny! sulphide, but we have 
ascertained that it is not due to the presence of a smal] amount of 2 : 2’-diaminodipheny! sulphide 
in the starting material. 

The almost spontaneous formation of benzthiadiazole by the action of cuprous chloride on 
the tetrazonium salt (II) indicates either (i) its direct reduction, or (ii) its degradation to 
benzthiadiazole and d o-sulphenic acid (cf. above) followed by reduction of the 
latter. Since the degradation in absence of cuprous chloride is only slow, the former inter- 





$-naphthol in sodium hydroxide solution is 

§-naphthol which is followed by degradation of the 

intermediate (XXX) to benzthiadiazole (V) and the salt of o-(2-hydroxynaphthalene-1-azo)- 

benzenesulphenic acid (XXXI). The latter, like all known substances forming sulphenic acids 

as intermediate with sodium hydroxide (such as the sulpheny! halides), will quickly undergo 

disproportionation to equimolecular quantities of the disulphide (III) and the sodium sulphinate 

(EX). This interpretation is supported (i) by the yields of disulphide and sulphinic acid obtained, 

which would correspond to about 90% of theory, and (ii) by the analogous disproportionation 

of the sulpheny! bromide (XX) with sodium hydroxide at room temperature, which is also 
initiated by the formation of the sodium sulphenate (XXX]I). 

For various reasons, it fo unlikely that the degradation of the tetrasoniam salt (II) to 
benzthiadiazole and sodium diazob Iphenate takes place first and is followed by the 
coupling of this diazo-compound with §-naphthol and, 
disulphide (III) is not formed if the tetrazonium solution in concentrated 
added to sodium hydroxide, sodium carbonate, or sodium hydrogen carbonate alone and then 
quickly treated with §-naphthol. The separation of benzthiadiazole, i.¢., 
spontaneous in these conditions. 
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Coupisng of tetrasotised 2: 2’-diaminodiphenyl disulphide with B-naphthol 


The disulphide (III) is certainly not produced by direct coupling of the tetrazonium salt 
with 2 moles of §-naphthol, as might superficially appear. This would not account (i) for the 
simultaneous formation of benzthiadiazole and ng oro spac a ag 
sulphinic acid, or (ii) for the results of the coupling in sodium carbonate solution. In these 
more weakly alkaline conditions, the rate of degradation of the tetrazonium salt (II) would, if 
different, be slower than in aqueous sodium hydroxide. The formation of the disulphide would, 
therefore, be expected to be more complete, whereas, at most, traces are formed. 

The reaction in sodium carbonate solution wil! proceed first as in sodium hydroxide, but the 
sulphenic acid (XX XI), being comparatively stable under these more weakly alkaline conditions, 
reacts with §-naphbthol in preference to undergoing disproportionation and so yields the sulphide 
(X). 

There is no report in the literature of the behaviour of sulphenic acids, their anhydrides or 


small amount (< 5%) of the sulphide (X) is formed in the former case and an almost 
quantitative yield in the latter. 
Coupling in aqueous pyridine, sodium hydrogen carbonate, or sodium acetate is also initiated 
by the formation of the intermediate (XXX), However, in these weakly alkaline or acid 
I 
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conditions this product is sufficiently stable to allow coupling with a second mole of §-naphthol 
a ee ee Although this 


accompanied by a partial degradation of the tetrazonium salt. 
Finally, it should be mentioned that the disulphide (111) is not stable to alkali, being 


, 1876, 9, 1637; Fromm, Awnalen, 1921, 426, 313; 
Reissert and Manns, Ber., 1928, 61, 130%). _ Subsequently, ( (IV) is probably re-oxidised to the 


disulphide, and (XX XI) undergoes disproportionation to the disulphide and the sulphinic acid, 
which is, finally, the only product isolated. 
The investigation is being continued in various directions. 


Exreaneswral. 


Diarotisation of 2 2’-Diaminodipheny! ide in Dilute Mineral Acids.—The 
amine hydrochloride obtained by intimate of 2: 2’-diaminodipheny! i 
eaepeens Senate one Tot) See ito water (300 c.c.) at 0°. ee 
4 small amount of water was added and a brown 
and ether, immediately separated. uaection aith ainer sided cnke tendtintnd a >. 
(ma. when pure, 35°) (92 g.. 58%). nee Ces So eenene noes ein oes os ae 
of . #17 G, an pore as yh a an separated. The 

with su! -_ instead of acid and with ts of 
were similar. wet Bisuipaeae 45 and 0% 

Drasotisation of *° >. ory ye to Guha and Ghosh (loc. cit.).— 
2: 2-Di iphad ap he Fe loric acid (7-5 cc.) were mixed with 
mechanical stirring "The amine did sot dissolve ee claimed by Gaba and Ghosh, a cee eee 
hydrochloride was obtained. This was cooled with ice, and a solution of sodium nitrite (1-8 g.) in water 
(15 ¢.c.) was added. An oil fiately ted, which soon solidified to a light-brown When 
filtered off and washed with ice-cold water this melted at ca. 24°, solidifying again on cooling. No 
decomposition or evolution of nitrogen was observed. Steam-distillation of the precipitate yielded 
almost pure bensthiadiazole (m. p. 34-35"; 1-5 ¢., 46%) 

Tetrasotisation of 2: 2’-Diamimodipheny! Disuiphide in Concentrated Sulphuric Acid —Sodium nitrite 
(3-6 g.) was slowly added with stirring to concentrated sulphuric acid (25 cc.) at 0° and stirring continued 
for a further.10 minutes. The temperature was then raised to 70° daring 20 minutes and the clear 
sclation obtained was cooled to —10°. Powdered 2: 2-diaminodiphenyl disulphide (5 g.) was 
dissolved in concentrated sulphuric acid (17 ¢.c.) at room temperature with vigorous stirring. After 
cooling to 6", the solution was slowly added to the nitrosyleniphuric acid solution kept in a freezing 
mixture. The time allowed for diazotisation was varied es 10 minutes and 24 hours, with very 
little effect on the yields obtained in the following & It was generally 30 minutes 

Action of Water on Tetrazotised 2 : 2'-Diaminods phenyl Dis Disulphide tm Concentrated Sulphuric Acid.— 
The tetrazonium salt solution from the dimiphide (5 g.) was poured into ice-water (800 cc). On 
extracting the solution immediately with ether, no benzthiadiazole was obtained. The solution with 
#-aaphthol in aqueous sodium hydroxide gave the red precipitate of di-o-(2-hydroxy e yy: -az0)- 
phenyl disulphide (111) recognised by its characteristic violet colour in benzene. After 30 minutes, 
crystalline bensthiaciazole began to separate and coupling as indicated above to decrease. After 4—6 
hours, the solution ceased to yield any violet product with alkaline #-naphthol, indicating complete 
degradation of the tetrazontam salt. Extraction with ether yielded almost pure benzthiadiazole, 
m. p. 34-35" (40 g., 73%). The aqueous layer was poured into a solution of B-naphthol (3 g.) and 
eodiam hydroxide (50 g.) in water (700 c.c.) at 0". Alkali-insoluble, brown “> = -hydroxynaphthalene- 
1-azo) phenyl sulphide (VIL) (0-5 &§ 5%) was precipitated, which “crystallised { tom xylene as reddish- 
orange needles, m. p. 284-286" (cf. below). The experiment was repeated, but the tetrazonium solution 

opt at 0° wp to 4 days before and after addition to water. The yields of benzthiadiazole and 
sulphide varied little 

Action of A s Sodwem Hydromde, Sodium Carbonate, or Sodium Hydrogen Carbonate on eet 
2: 2’-Deamenodsphenyl Diouiphde -A tetrazonium salt solution prepared from the disulphide (5 
poured into ice oe (800 ¢.) containing sodium hydroxide (80¢.). Crude poner ecg >= (2- ‘ _ 3 

ted immediately. The mother-liquor did not yield any azo-compound on ct 
ition of B-naphthol Similar results were obtained when sod hydroxide was 
carbonate or um hydrogen carbonate. 

Di-o-(2-Aydrorymaphthalens-|-as0) phenyl Sui (VII1).—2 : 2’-Diaminodiphenyl sulphide (1-3 g.) 

was dissolved in concentrated hydrochloric (6 .c.), glacial acetic acid (20 c.c.), and boiling water 
100 c.c.). Sodium nitrite (0-85 ¢) in a small amount of water was added at 0° ‘the mixture stirred 
pa atg ar vee The tetrazonium salt solution was poured epee vray Sede thol (3-5 g.) and 
ee ee tin chtecceens The precipitated sulphide (2-8 g., was filtered off. 

Tt was les, m. p. 284-—286° (Peoad : N, 10-7; 5S, 59, 
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resxiue of methory sulphsde from benzene, forming needles, 

iatering at about 125° and malting at 174—175" (Found : home af 100/18 mam. 48. Cull HO 
. , 40%). the substance melts at ae > N, 6S; 


" hon or dey o4, oun ea - Bay 
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i 
separated is quantitative yield (0-9 g) : tion from benzene gave a product, m. p reas S34? 
alone or = h the product obtained coupling tetrazotised 2. 2’-diaminodiphenst disulphide 
with §-naph 
Conversion of the Sulphinic Acid into 0-(2-Hydroxynaphthalene-\-azo 2-Hydroxy-| 

Sulpasde (X) —()) 0-(2-Hydrorynaphthalene-|-a20) phen 
(2 g.), suspended in glacial acetic acid (50 c.c.) containing 
48 hours at room temperature, slowly went into solution, aad 
quantitatively as a fine dark-red crystalline . This was 4 
acid and finally with light t melted at 184—186" (Found: N, 7-8; Br, 22-0. 
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Reaction © . ee ynaphthalene-|-aso)s. with B-Naphthol and Sodium 
Carbonate or ¢ vdrostde Solution —(1) The porerms hes Oe .) and £-naphthol (1-0 g.) in 
benzene (30 c.c.) were shaken with 2% aqueous sodium carbonate (#0 cc.) TS, as haute at sueak ts 
ature. The aq layer ed only traces of coloured products. The benzene layer was 
with 3% s sodium hydroxide and ew ted to dryness. The residue consisted of slightly 
impure sulphide (X) (0-46 g., "78%), which y & pure product m. p. 226-—227°, after one 
a xe ted, be soda bonate solu 

(ti) experiment was t the mam car te tion was replaced by 2% aqueous 
sodium hydroxide (30 ¢.c.) a benzene layer developed spontaneously the violet colour of — 
disulphide (II]) which disappeared during the continued shaking. After 48 hours it contained 

quantity (0-03 g.) of the crude sulphide (X). The aqueous layer was saturated with sodium 
whereupon sodium o-(2-hydrox thalene-l-azo)benzene-2-sulphinate, m. p. 290° (decomp), 
separated in almost quantitative y 

Action of Sodsum Hydromde on the Disulphide (111).—The disulphide (0-5 g.) was refluxed for 3 hours 
ide (2 g.) in aqueous ethy! alcohol (1 1; cc). The tion obtained was diluted 
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94a. Colouring Matters of the Aphidida. Part II. Colouring 
Matters from Aphis fabe. 
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of four related colouring matters of a new 
is described. The 
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of origin. 


communication (Duewell, Human, Johnson, MacDonald, and Todd, Nature 
1948, 462, 750), which we regard as Part I of the present series of papert, we gave & general 
ce : , 


the moderately stable end-product of the series. The conversions (6) ——> (c) ——> (d) occur 
spontaneously in crude extracts of the insects and appear to be independent of the presence of 
air, although they are enormously accelerated by heat or by acids or alkalis; the characteristic 
visible absorption spectra of the pigments make it easy to follow the conversions and to detect 
the individual pigments in solution by means of a hand-spectroscope. The existence of this 
series of pigments and their remarkable transformations were recorded in some detail by Sorby 
nearly eighty years ago (Quart. ]. Microscop. Sci., 1871, ii (N.S.), 352), but until now his work 
seems to have escaped the notice of other investigators. Thus Blount (j., 1936, 1034) has 
reported the isolation of two aphid colouring matters lanigerin and strobinin (respectively a 
chrysoaphin and an erythroaphin on our nomenclature), and Schulz (Biochem. Z., 1922, 127, 122) 
has recorded some observations on the pigments of the woolly aphid (Eriosoma lanigerum) 
without apparently being aware of Sorby’s pioneer work. Other colouring matters apparently 
unrelated to the aphins have also been detected by us in certain Aphididae and will be described 
later; whether they are related to the pigments of A. gossypii, examined by Wall (Ann. Entomol. 
Soc. Amer., 1933, 26, 425), is at present unknown. 

Although it is a simple matter to distinguish between the four aphins from any given aphid 
species by their visible and ultra-violet absorption spectra (cf. the spectra of the pigments from 
Aphis faba recorded in Fig. 1), it is not possible by this means to differentiate between the 
corresponding aphins from different species. Since, despite the close similarity in this and in 
many other respects, certain differences can nevertheless be detected in X-ray diffraction patterns 
and in infra-red absorption spectra, we have proposed that a two-letter suffix, indicative of the 
species of origin, be added to the name of each pigment until the question of identity or otherwise 


erythroaphin-fb, pigments . aphid is very 
Britain and is the “ black fly " which attacks cultivated broad beans (Vicia faba) during early 








Cambridgeshire. 
the actual pigment content of A. faba is ca. 0-8% of the weight of live insects, the 
development of suitable methods for isolating the various aphins in a pure condition has been a 
slow and tedious matter. This was caused in part by our failure to appreciate at the outset of 
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Absorption spectra of the aphins-fb 
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our researches that we were dealing with a group of very labile substances capable of undergoing 
the series of interconversions mentioned above, and in part to the necessity of devising methods 
whereby insects could be collected as far as possible alive and undamaged. An added complic- 
ation was the difficulty of obtaining the large amounts of insects necessary and the development 
of methods whereby, since they are seasonal in habit, the collected insects could be stored for 
later study without gross decomposition of the aphins. It is not proposed to discuss in detail 
the various methods we have from time to time employed during the progress of the work; 
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of methods will be confined essentially to those which we finally adopted 


using a slight variation of the above method of extraction. 
ee and we have not been able to prepare protoaphin-/b in a pure state from preserved 


i ietinitn cd qustiicattan kita wiiiaMi ea en ake nie eae 
depend on the conversions xanthoaphin-/b ——> chrysoaphin-/b ——» erythroaphin-/b and on 
the fact that, although in most solvents the solubilities of the aphins decrease in the order named, 
this is reversed in carbon tetrachloride in which xanthoaphin-fb is the least soluble. The 
ee ie ent a nanan te en de ee eee 
Sey on S Scene ae ee proportion. It holds smal! amounts of solvents 
tenaciously and it is preferable to recrystallise it from ether immediately before analysis. 
Xanthoaphin-/b is unstable in solution or in the solid state in presence of light and changes into 
the orange chrysoaphin-fb; the change is greatly accelerated by heat or by acids, and it is 
advisable to carry out chemical manipulations with the substance rapidly and as far as possible 
in the absence of light. 

Chrysoaphin-f> can be obtained by concentrating the carbon tetrachloride mother-liquor 








Human, Johnson, MacDonald, and Todd : 
has been separated from the crude mixed aphins. It may also be 


Erythroaphin-/b, being the end-product and the most stable member of the aphin-/d series, 
was the most readily available material in the earlier stages of our work and has therefore been 
the subject of most investigation so far. Like the other aphins, it has no melting point and on 
heating it gradually chars and decomposes above 250°; it cannot be sublimed even in a high 
vacuum. It is moderately soluble in chloroform, carbon tetrachloride, benzene, or acetone, and 
only so in most of the other common organic solvents. In dry pyridine it dissolves 
readily but solutions in this solvent undergo some chemical change on storage. Solutions in 
organic solvents or in concentrated sulphuric acid are red and show a red fluorescence, which is 
particularly intense in ultra-violet light. Solutions in aqueous pyridine, sodium hydroxide, 
and ammonia are bright green and deposit green precipitates on storage, and similar solutions 
are obtained under certain conditions with sodium carbonate or hydrogen carbonate. On 
treatment with acetic anhydride containing a drop of sulphuric acid, the solution, at first red, 
changes rapidly through green to pure blue with an intense red fluorescence. This striking 
colour reaction was first described by Blount (loc. cit.) for strobinin (erythroaphin-st) and is 
characteristic of al! the erythroaphins we have examined. Since under the acid conditions used, 
xanthoaphins and chrysoaphins are converted into the corresponding erythroaphins, it may be 
regarded as a general reaction for all the fluorescent aphins. 

Erythroaphin-/d contains neither nitrogen, sulphur, nor halogens; it contains no methoxy- 
groups (Zeisel), and chromic acid oxidation (Kuhn—Roth) suggests the presence of several 
C-methy! residues. Difficulties have been encountered in obtaining consistent analytical values, 
but the results of a series of analyses indicate that it has a formula C,,H,, ,,O,. Attempts to 
determine the molecular weight of erythroaphin-/b by cryoscopic and ebullicscopic methods gave 
values ranging from 400 to 700, and similar inconsistent results were obtained using the Signer 
vapour-pressure method. Acyl! derivatives of erythroaphin, although they seemed more 
suitable for these determinations on account of their greater solubility, also gave variable 
results. X-Ray crystallographic examination, however, indicates that erythroaphin-/} has 
a molecular weight of @60, 519, or 1038 + 3% according to whether the unit cell contains 8, 4, 
or 2 molecules. Of these values only 519 4- 3%, seems to be in accord with the behaviour of 
erythroaphin-/b on reduction and reductive acetylation and with the admittedly variable 
results of molecular-weight determinations by other methods. Acetylation yields diacetyl- 
erythroaphin-fh (CyHyo-¢s9 9) which is insoluble in cold alkali and is readily hydrolysed to 
erythroaphin-/h. A dibensoyl derivative has also been prepared, but attempted methylation 
failed to yield crystalline products. Hydrogenation of erythroaphin-fd in presence of a platinum 
catalyst or reduction with sodium dithionite gives a pale brown, fluorescent solution of a 
dibydroerythroaphin, which is rapidly re-oxidised in air to the original erythroaphin (identified 
by X-ray powder photography). These findings strongly suggest the presence of a quinonoid 
structure, and also the absence of non-reversibly reducing groups such as ethylenic linkages, 
aldehydo-groups etc. The presence of a quinonoid structure is confirmed by the behaviour of 
erythroaphin-/b or its diacetyl! derivative on reductive acetylation, when the orange fetra-acetyl- 
dthydroerythroaphin-f> (Cy, Hyg-5,0,,) is obtained. This derivative is insoluble in alkali and 
resists catalytic hydrogenation. Its formation eliminates a C,, formula for erythoaphin-/b, 
since reductive acetylation must introduce at least two acetyl groups. Evidence pointing to a 
Cup formula has also been obtained by quantitative microhydrogenation of erythroaphin-fb and 
its diacetyl! derivative. A C,, formula (i.¢., M, 1038 + 3%) would require the presence of two 
quinone groups and the absence of an intermediate absorption spectrum or of any break in the 
hydrogenation at the half-way stage is regarded as evidence against such a hypothesis. The 
absorption curves of diacetylerythroaphin-/b and tetra-acetyldihydroerythroaphin-/> are 
reproduced in Fig. 2. 
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in-fb molecule, two oxygen atoms thus seem to be present in hydroxy-groups 
and two in a quinone system. The function of the remaining oxygens is still unknown, as is the 


speculation on the nature of the relationship, if any, which may exist between erythroaphin-/d 
and these 


So far little work has been done on the protoaphin, xanthoaphin and chrysoaphin from 
ro ara The ready conversion of the last two into erythroaphin- 


Fis, 2. 


Absorption spectra of derivatives of erythroaphin-{b. 


n-ty Tetra -acetyld:hydroerythroaphin- fy 
(in Cag’OM) (in Cay OM contamning 5% CHCLy). 

















se 28 300 400 500 600 
Aim). 


although only provisional, are at any rate in agreement with our failure to detect any by-products 
in the conversion of them into erythroaphin-/b and suggest that the conversion involves 
dehydration with an increase in aromatic character. 
Protoaphin-fb differs from the three fluorescent aphins derived from it both in its chemical 
and in its composition. Analytical results suggest for it a formula C,,H,,O,,. It is 
reversibly reduced by dithionite to a colourless, fluorescent material, and it is readily oxidised to 
colourless products by a variety of reagents. Whether the enzymic conversion of protoaphin-/b 
to xanthoaphin-fb is accompanied by loss of a carbohydrate residue (as a comparison of the 
provisional formule of the compounds might suggest) has not yet been determined, and a 
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passed out of 
Se 0 SANS ND CRE ae Seen ae oraey Ceneans ay ote ae Sees 
ee et nd aed Bie at 100 g. of wet 

The mixtare of wet insects (100 g) and methanol (150 ¢.c.) was ground in a Blendor for 2 
minutes Supercel (5 g.) was stirred into the suspension which was filtered a thin layer of 
Supercel. Biter residue was again extracted with aqueous methanol cc. of in the 
Miendor and hitered as before, and the combined extracts were diluted an equal me of 
and extracted with light petroleum (b. p. 40-460"; 2 x 250 c.c.) to remove any traces of fluorescent 
aphins. The ethanolic layer was then concentrated ander reduced pressure to 150 cc., 
treated with active charcoal (6 g.; Darco G, 60) with stirring, and filtered. The filtrate at this point had 
pli ca. 6 and no longer became red at pH >7. The charcoal containing the adsorbed 4 





; H, &7 Protoaphin-fd 
comtains nesther phosphorus, nor methoxy|. It is soluble in dilute 
sodium hydroxide solution, 80% acetone, or moderately so in 80% 80% acetic 
acid, or aqueous dioxan, very ble in water, ether, light petroleum, , ethanol, 
acetone, ot acetic acid. Sobetions in water and organic solvents, including anhydrous , are yellow 
and those in sodium hyd de ami aq pyridine purplish-red. In concen’ sulphuric acid the 

dissolved with decomposition, solution darkening rapidly. Light absorption: (i) In 


KH, PO, solution ; Maxima at 2730, 3530, and 4420-4450 4.; E}S « 220, 73, and 62 with inflections 

at 2020-2060, 3000-3060, and 450-—3470 a: gS ~ 175, 140, and 70 respectively. (ii) In Na, HPO, 

solution : Maxima at 2340, 2060, 3560, and 56180 4.; Ei% 725, 250, 75, and 70. 
Xenthoaphin-{>.—The live insects were washed off infected bean plants as described under the 


i of protoaphin-/b (above), ony 

aphids (150 g ) were crushed with Sorensen buffer (150 c.c_; pH 6-3) in a large mortar and left at room 
t ture for | hour. Acetone (600 c.c.) was then added and the mixture ground in a Waring Blendor 
for 2 minutes. After being stirred with Hyflo Supercel (5 g.) and filtered through Supercel, the residue 
was re-extracted with aqueous acetone (80%; 3 « 25 cc.) until the extract was only faintly coloured. 
The combined greenish-brown filtrate and extracts were concentrated under reduced pressure, a “ boiling 
stick “ being used to promote even evaporation, until tion of solid on the surface set in, whereupon 
the mixture was cooled to — 10° by tion of solid car dioxide. The precipitated fat was separated 
(Supercel) and the clarified solution extracted with light petroleum (d. p. 40-60"; 3 x 500 cc), 
emulsions formed during the extraction being readily broken addition of small . 
The combined petroleum extracts normally had a hight-yellow colour and showed strong bluish-green 
fluorescence; they contained mainly xanthoaphin-/b with small amounts of chrysoaphin-/b and 
erythroaphin- fb. Solvent was removed at >35° yt 2 > 50") under slightly reduced pressure, 
giving a brown residue of crude colouring matter ( 9 ) 

traces of fat. The powder was washed with light m, dried, and boiled with ether (80c.c.). The 
ethereal extract was concentrated to smaller bulk (30 c.c.), acid-free carbon tetrachloride (30 c.c.) added, 
and the solution concentrated until stallisation set in, whereafter it was cooled to 0°. The 
from ether; it formed bright yellow needles (0-4 — 0-5.) 
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intense even for the solid substance. It dissolved readily in aqueous sodium hydroxide, giving a 
pink solution with a powerful yellowish-green fluorescence in ultra-violet light. Light absorption in 
ebloroform : Maxima at 2820, 3680, 3780, 4050, 4290, and 4500 a; E}S, = 002, 198, 400, 116, 205, and 
225 respectively 

It is difficult to work with xanthoaphin-/> or at times even to purify it because of its great lability, 
particularly to traces of acid or to heat, under the influence of which it undergoes irreversible conversion 
into chrysoaphin-/b (see below). This conversion has frequently occurred during recrystallisation, 
presumably owing to the presence of unsuspected traces of acid. In the same way, crystalline 
xanthoaphin-/> is hable to undergo slow conversion on being kept for long periods in specimen tubes. 
Under favourable conditions extractions carried out as described above give xanthoaphin-/> in amounts 
greater than half of the crude aphin mixture. On the other hand, if preserved insects are used it is very 
eSeee So tains gece maaan) ane Sant cae) ees Sat See ee 


procedure, as desc later, and to proceed directly to the molation of the chrysoaphin 
c den-fb> — The combned (40—#0 cc.) from the 
tion and crystallisation of the xanthoaphin-/d in the above experiment were heated under reflux 
chieroform (20 c.c.; not specially purified acidic) until the characteristic 
4300-4. line in the v of the ne ee 
the hand-spectroscope and was by the 4860-a. band of the solution was now 


concentrated until crystallisation and then set aside for a short time. Chrysoaphin-{b (0-2—0-3 g.) 








chloroform : Maxima at 2670, 4210, 4465, 4850, 5205, 5600, and 5860 4.; E}S, = 586, 550, 721, 115, 
244, 375, and 165 respectively. 
Erythroaphin-/b is moderately soluble in chloroform or carbon tetrachloride, somewhat less so in 


sodium carbonate nor hydrogen carbonate will extract erythroaphio- 

chloroform, sodium carbonate, eat nae Seen nen will extract it from ether; again, if the 

paement is first dissolved in a little acetone, , or dioxan, addition of either sodiam carbonate or 

hydrogen carbonate will give the characteristic green solutions of the alkali ———_ neither of them 
“4 in 


same reaction with strobinin). Hydrogenation of the t (22-8 mg.) in dioxan solution 
catalyst swe with uptake of 1-12 mols. of hydrogen (1-19 cc. at 15°/754 mm.) 


formula C,,H,,O,, giving a pale brown solution with an intense green fluorescence. a oe age at = 
reduced solution to air it was rapidly re-oxidised, yielding the original erythroaphin-/b. Aw 
reversible reduction occurred with sodium dithionite 
Insects. —Since insects which have been preserved in cold 
in and since the isolation of the xanthoaphin was difhcult, 





loss of colouring matter. The residue (040-5 g.), now a 





Diacetylerythroaphin-fb.—(a) From poo Rn ap pm arg ~f. 
ee chioride de (Pec) to pure c.c,) to pure 


HH tas 
a 


; 68-3; H, 45, 45; “O-acetyl, 13-4, rie — 

. CygH yO p(CO-CH,), requires C, 68-6; 

absorption in ethanol: Maxima at 2560, 3300, 3470, and 4245 4.; E}3, mp 217, 167, and 566 
eee a weight by the freezing-point method in ethylene dibromide, 534 (C,,H,,0,, 


HH. 








alkah erythroaphin-/b. 
ee eee te ee 
to air. oo hydrogenation tion showed it the uptake of hydrogen during this 
to 
(b) From chrysoaphin-fb. por te we (108 =e) was dissolved in cold dry pyridine (4 c.c.), 
mixture kept in flask for 12 hours at room ture 
wep aan with water (3 x 100 c.c.), 


followed by ; 
fd (87 mg.), identical with the product obtained by method (4) above (Found: ( 
§, #6; O-acetyl, 146%) 

tyldihydr: {b.—Acetic anhydride (2 c.c.) and anhydrous sodium acetate (20 mg.) 
cuss adlbeh te 6 Catan of cipttamaatan te (eb anh tn Gena ent. and the whole was shaken with 
hydrogen at room temperature and atmospheric pressure in presence of Adams's platinum catalyst. 
hydrogen uptake (1-35 ¢.c., I-1 mols.) was complete in 18 minutes. The catalyst was separated, an 
equal volume of chloroform added, and the solution washed with dilute aqueous sodium carbonate. The 
layer was dried and concentrated to small bulk (5 c.c.), and hot ethanol (20 c.c.) added. The 
filtered solution was then concentrated until crystallisation set in and was set aside to cool. Recrystal- 
sation of the t in the same wa: = ge ep, sy rpms ge on tine Fn en be ee ile 
which charred but did not melt at <3 The same product was obtained from fo 
Fae elias uneuaad eotnainench ooameanion ont Adams's platinum catalyst { by removal 
of the solvent, treatment with et ev crystallisation of ote uct as above described 
Found : C, 66-4, 66-46, 668; H, 47, 40, 49; O-acetyl, 24-4, 25-3. 53. Dosen ae uires C, 67-0; 
#7; O-acetyl, 25-3 CoH O,(CO-CH,), requires C, 06; o: M88: | tocf seicoatar 

weight determination in dibromide by the cryose 5S: O-scatyt, ah 40 (C,,H,,O0 

requires M, 682); the difhculty encountered throughout dhe aphin emten fo cbtpieing exunttant w 
for molecular weights by the common methods leads us to regard this figure as of qualitative rather than 

quantitative value. The compound is soluble in chloroform (although solutions 
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dithionite. Light absorption in ethanol containing 5%, of chloroform: Maxima at 2520, 2785, (3400), 
3560, (3865), 4110, 4350, and 4955 4.; EYS, 221, 547, (19), 21, (16), — 322, and 443 respectively. 

Dibencoviervikroaphin- fh — _Brythroag hin-f> (23 mg.) was shaken with pyridine (4 c.c.), benzoyl 
chloride (0-2 ¢.c.), and a small crystal of meat rte omega ® aes teary mpd vig Matches J 
and evaporated under reduced re. The solid residue was dissolved in ether—benzene (1: 1), and 
the solution washed with hydrochloric acid, then with sodium hydrogen carbonate, — yoo en 
before drying (Na,SO,). The solution was evaporated, the residue nin sepa in hot 
added until a sy se a res On cx 
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95. Colouring Matters of the Aphidide. Part III. Colouring 
Matters from Tuberolachnus salignus. 
By H. Durwett, A. W. Jomunson, S. F, MacDowatp, and A. R. Topp. 





depending between 
strengths, has been developed. Erythroaphin-si bas been con into a i and a 
tetra-acetyldihydro-derivative, and from the products of its oxidation with nitric mellitic 
acid has been isolated. 


PARALLEL with the investigation of the colouring matters of A. fab@ already described 
(Human, Johnson, MacDonald, and Todd, preceding paper) a study has been made of the 
large brown aphid, Twberolachnus salignus (Gmelin), This insect parasitises willow trees, 
especially the white willow, Salix alba, on which it forms large colonies on the underside of the 
branches from late summer until the first severe frosts. It is a very suitable aphid for chemical 
study as its colonies are usually free of foreign insects, its pigment content (up to 2% of the 
live weight) is very high, and it is large enough to be easily dislodged from the willow branches 
by gentle tapping, so that it is readily obtained alive and undamaged without resort to the 
washing processes necessary with A. fab@e and other species. From T. salignus we have 
obtained a series of colouring matters exactly analogous to those from A. faba. Following 
the system of nomenclature which has been laid down elsewhere (Duewell, Human, Johnson, 
MacDonald, and Todd, Nature, 1948, 162, 759), the 7. salignus pigments isolated have been 
named protoaphin-sl, xsanthoaphin-sl, chrysoaphin-sl, and erythroaphin-sl. Although very 
similar in many of their properties to the corresponding 4. faba pigments, they are apparently 
not identical with them. 
As in the case of A. faba, the living insects contain protoaphin-s! which can be obtained only 
if the insects are killed by a method (¢.g., heating) which simultaneously inactivates or destroys 
conversion. Preliminary 


The undergo 
interconversions as do the aphins-fb, and the methods of extraction and isolation used for them 
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are generally similar to those used for the aphins-/b. The virtual absence of any green pigment 
similar to that which occurs in extracts of A. faba makes it easier to observe colour changes in 
the earlier stages of the extractions and 

xanthoaphin-«/ as compared with 


acetone to obtain the mixture of fluorescent aphins, fresh insects which have been carefully 
fermented at pH 65 yield xanthoaphin-d almost exclusively, and this compound can be 
directly extracted with ether. The isolation of all the erythroaphin-si present in insect extracts 
from which the xanthoaphin and chrysoaphin have been largely removed presents difficulty 
owing to the accompanying fatty material and other impurities. This difficulty has been 
overcome by the discovery that the erythroaphin can be quantitatively extracted from 
chloroform by 72% sulphuric acid, and from 64% sulphuric acid by chloroform. Provided 
that the chloroform used fe free from alcohols and chlorine this method gives excellent results 
and it can be applied not merely to erythroaphin-si but also to the erythroaphins of A. faba 
and other species. It cannot, of course, be applied to either xanthoaphins or chrysoaphins, 
since these are converted at once into erythroaphins under such acid conditions. Partition 
between organic solvents and strong acids has been employed in the purification of several 
natural colouring matters, ¢g., porphyrins (WillstAtter and Stoll, “ Untersuchungen tiber 
Chlorophyll,” Berlin, 1913, p. 263), stercobilin (Watson, Z. physiol. Chem., 1935, 233, 39), and 
azulenes (Plattner, Heilbronner, and Weber, Helv. Chim. Acta, 1949, 32, 574) and might well 
find more general application; we have found, for example, that it is possible to separate 
mixtures of bydroxyanthraquinones, ¢g., catenarin and cynodontin, by partition between 
chloroform and 80%, sulphuric acid. 

In colour and general reactions the four aphins-si are very similar to the corresponding 
aphins-/> (preceding paper). In visible and ultra-violet absorption and in fluorescence they 
are virtually indistinguishable. Despite these facts, the two series do not appear to be identical 
There are differences in solubility, behaviour on heating, and crystalline form, and X-ray 
diffraction photographs of the aphins-si show definite differences from those of the corresponding 
aphins-/b. According to observations made by Dr. N. Sheppard, differences also occur in the 
infra-red absorption spectra. The most striking difference however is found in the xanthoaphins. 
While the chrysoaphins and erythroaphins of the two series give analytical’ values indicating 
that they might well have the same molecular formule, the two xanthoaphins are markedly 
different in their carbon content; moreover, in the course of experimental work xanthoaphin-si/ 
has consistently seemed more stable than its counterpart from 4. faba. 

As in the A. fab@ series, most of the chemical work so far carried out has been on 
erythroaphin-s/, This pigment we believe has a formula C,,H,,O,, the evidence being analogous 
to that adduced in the case of erythroaphin-/b (preceding paper). Molecular-weight 
determinations by ebullioscopic methods gave variable results between 252 and 615 and X-ray 
crystallographic examination gave a value of 534 + 5%, assuming 12 molecules per unit cell 
Erythroaphin-si is evidently quinonoid in nature and undergoes reversible reduction with 
sodium dithionite or with hydrogen in presence of a platinum catalyst, 1 mole of hydrogen 
being absorbed on the basis of a C,, formula for the pigment. Acetylation yields diacetylerythro- 
aphin-sl and reductive acetylation letra-acetyldihydroerythroaphin-si. 

Of the oxygen atoms in the erythrvaphin-si molecule, two are present in a quinone grouping 
and two in hydroxy-groups, which are probably phenolic in nature since the pigment can be 
extracted from organic solvents by aqueous sodium hydroxide giving a bright green precipitate. 
The function of the remaining four oxygen atoms is unknown. There is no evidence of carboxy- 
groups since neither diacetylerythroaphin-si nor tetra-acetyldihydroerythroaphin-si can be 
extracted from chloroform solution with dilute alkali. On the other hand, certain observations 
suggest the possibility that one or more lactonic or other latent acidic groups may be present. 
When a little sodium hydroxide is added to a solution of diacetylerythroaphin-s! in aqueous 
acetone, the colour changes from brownish-orange to green; this change does not involve 
deacetylation, since, if the green solution is quickly acidified, the origina! diacetylerythroaphin-si 
is recovered unchanged. Similar treatment of tetra-acetyldihydroerythroaphin-si with alkali 
under conditions which do not remove the acetyl groups change yellow-red. 
aie supine of extend We ee Se ee a eee eee 
chloride gives a deep-green product, and addition of ethanol to the red solution of 

to green. 
bases analogous to those 
described by Scholl (Ber., 1941, 74, 1129, 1171, 1182) in the hydroxyanthraquinone group. In 
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an exception) the solutions are green and are unaffected by water. We have also 
hypericin behaves in a similar manner with bases. 
As to the nature of the nucleus in erythroaphin-si little is known. It evidently contains a 


case 
of the A. faba series (Human ef al., Joc, cit.). Further examination of xanthoaphin-s/ is clearly 
needed before any conclusions can be drawn. Since protoaphin-si has been more su 

examined than the other 7. salignus pigments, it is difficult to say whether the slightly lower 


carbon content observed as compared with protoaphin-/> is significant. It is at any rate clear 
that the pigments of the two series are very closely related to one another. 


EXPERIMENTAL. 


Unless otherwise stated, light petroleum refers to the fraction, b. p. 40-—60°. 
Collection of Insects —Willow branches infected with 7. salignus were carefully sawn into convenient 
for handling and the insects dislodged from the undersides gentle tapping and collected on 
were stored 


sheets. If not worked immediately, the aphids so 
Stored insects could not be used for the 
as raw material for the pure i 


below —10° 


Protoaphin-sl.—The (5 &) were killed 
The dead insects were . washed with a li 
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250-852" (decomp. with previous darken. recrystallised 
or from form-ethanol (Found, in material dried at 60° /0-01 mm. for 12 hours: C, 70-2, 70-1, 70-1; 
H, 43, 43,45. C€ . ¢ 
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. (3) In diowan—n /100-sodium Aydrowide (1:1). Maxima at 2880, 4220, 4480, 5750, 
and G21 4.; low Quse 470, 447, 4-56, 418, and yee ame = 
ble in carbon tetrachloride, acetone, 








saphena oe samchcap heal n-si 
ethanol (50 cc.) and concentrated sulphuric acid (0-3 c.c.) was added with shak 
set aside for 54 hours and the erythroaphin-s/ which separated was 





hrvsocaphin-si at 
Purvficahon of Erythroaphin-sl by —Crude erythroaphin-si (1-018 g.), dissolved in alcohol- 
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96. Acid-catalysed Hydration of Acraldehyde. Kinetics of the 
Reaction and Isolation of $-Hydroxypropaldehyde. 
By R. H. Hatt and E. S. Srern. 


A kinetic study of the acid-catalysed bh tion of acraldehyde to B-hydroxypropaldehyde 
yde; 3-b tal) sulphuric acid confirms 





reversible 
_ the 


wh 


Wir the ready availability of acraldehyde on a commercia) scale (see, inter alia, B.P. 569,625, 
573,507, 600,454, 625,330; B.P. Appl. 22,712/39; Watson, Chem. Eng., 1947, 54, No, 12, 107), the 
preparation of §-hydroxypropaldehyde, an intermediate of great potential value in the solvent 
or the plasticiser field, has recently received considerable attention. 

Although §-hydroxypropaldehyde may be prepared in several ways (cf. Nef, Annalen, 1904, 
385, 219; Glattfield and Sander, /. Amer. Chem. Soc., 1921, 43, 2675; Wohl and Schweitzer, 
Ber., 1908, 41, 3603; Stepanow and Schtschukin, Chem, Zentr., 1927, 1, 1167), most of the recent 
work has been concerned with the acid-catalysed hydration of acraldehyde (U.S.P. 2,434,110; 
German microfilmed reports PB 70,300, Frames 8214-8220; 73,508, Frames 7528—7537; and 
19,417; G.P. Appl. D 89,752 V4, Class 0, 1943). 

For the catalytic hydration processes described in the literature, conditions seem to be chosen 
rather arbitrarily and little systematic work appears to have been published in this connection. 
The kinetic data on the hydration of acraldehyde (Pressman and Lucas, ]. Amer. Chem. Soc., 
1942, 64, 1963), which are rather incomplete, are based on experiments with perchloric acid as 
catalyst and very dilute (about 003m.) solutions of acraldehyde, and are not, therefore, directly 
applicable to preparative work. A detailed kinetic study of the acid-catalysed hydration of 
acraldehyde was undertaken to provide fuller data, capable of such application, and an insight 
into the mechanism of the reaction, which has not hitherto been fully elucidated (cf. Hammett, 
* Physical Organic Chemistry,” McGraw-Hill, 1940, p. 293). 
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In the present work the catalyst used for the hydration of acraldehyde between 20° and 50° 
was sulphuric acid in the concentration range 02-—3°$y. The aldehyde concentration range 
studied was 0°138-—2°76m. (i.2., 1—20% v/v). In view of the possible polymerisation of 
acraldehyde in acid solution, it was decided to follow not only the rate of disappearance of the 
ethenoid unsaturation (by the bromine absorption method) but also the variations in the 
concentration of the carbonyl function (by an oximation procedure). 

The presence of the acid catalyst, however, introduced large blank values into the analytical 
determinations of the carbonyl function and accurate values were difficult to obtain. Never- 
theless, it was established that during the kinetic runs the aldehyde content of the media 
remained sensibly constant until after the equilibrium point of the hydration reaction had been 
reached. Prolonged reaction beyond this ppint, however, caused a diminution in the aldehyde 
concentration and it was concluded that a slow polymerisation was then occurring. It was also 
found that the rate of disappearance of aldehyde during this stage increased with increasing 
initial acid and acraldehyde concentrations. The fate of the aldehyde group during the 
polymerisation was not further investigated but it has been stated by Helberger (PB 19,417; 
FD 4806/47) that 3-formyl-A*-dihydropyran is formed as hydration product. His claim that 
this is the sole volatile reaction product, however, is invalidated by the isolation of §-hydroxy- 
sa ny ehh may wees oon lendee Deere aha aga dean he beg 

The kinetic data for the hydration of acraldehyde are collected in Tables I and II; the 
equilibrium concentration of acraldehyde was determined in each case and all kinetic runs were 
performed in duplicate. The equilibrium position was found to vary with temperature (cf. 
Pressman and Lucas, Joc. cit.) and with the aldehyde concentration (Table II), higher conversions 
being achieved at lower temperatures and higher initial acraldehyde concentration; acid 
concentration was found to have no appreciable effect on the equilibrium position. The 
equilibrium constant K was calculated from the equation 

equilibrium concentration of B-b 
Se equilibrium concentration o' a= 


and the relationship K = &,/4., gave the ratio of the first-order ae constants of the forward 
and the backward reaction. 


a 
H,O + CHSCHCHO => HO-CH,CHyCHO 
aa) 
The sum of these rate constants corresponds to the overall rate constant 4 determined 
experimentally and defined (Hammett, op. cit., p. 102) by 
Am hy + AL = (2-3/0) log &/(a, — 4) 
where x, is the §-hydroxypropaldehyde concentration at equilibrium and # is that at time /. 


Taste I. 
Effect of acid concentration and of temperature. 


Initial acraldehyde concn. « 0-690m. throughout; A, = first-order rate constant of hydration; 
&_, = first-order rate constant of dehydration; ¢, — ‘acid concentration; A » A,/A.,; H, = acidity 
function (values of Hammett and Deyrup, J. Amer. Chem. Soc., 1932, §4, 2721) 


—.. 
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It was found that the rate constants 4 and 4, were independent of the initial acraldehyde 
concentration within the range 0°138—1°38m.; for 2°76m-acraldehyde solutions, however, the 
rate constants were lower by about 10% (Table II). This reduction is attributed to the changes 
in solvating and proton-donating properties of the reaction medium caused by the relatively 
high concentration of acraldehyde (~6 mol.-%), by analogy with the effect (cf. Braude ef al., ]., 
1944, 443; 1048, 1982) of increasing concentrations of oxygenated organic substances in the 
reaction medium on the reaction rate and acidity function. 
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Piet of © overall” k against 1/T Plot of k, ageina 1/T 
Acid conems.: 1, 3 8n.; UL, 2-On.; II, 1-On.; IV, O-2n. 


The rate constants 4 increased with increasing acid concentration (Table I), but were not 
directly proportional to the stoicheiometric concentration of sulphuric acid, a relationship found 
by Pressman and Lucas (loc. cif.) to hold for 0°26~- and 0-Sn-perchioric acid. Thus the ratio of 
& to ¢, (Table 1) increased greatly with acid concentration. The relation between A and acidity 
was accurately expressed for sulphuric acid concentrations between 0°20 and 2-00n. by Hammett 
and Deyrup's acidity function equation (J. Amer. Chem. Soc., 1932, 54, 2721), viz., Hy + logh = 
constant, where //, is the acidity function, a measure of the tendency of the medium to donate 
4 proton to a neutral base. For 3°8nx-sulphuric acid the value of H, + log & was somewhat low. 

Measurements at different temperatures showed that the rate constants 4, &,, and &., 
accurately obeyed the Arrhenius equation, the linearity of the log &-1/T plots (Figs. 1, 2, and 3) 
being very marked. 

The difference between the Arrhenius energies of activation (Tables III and IV) of the back- 
ward and the forward reaction (\£), i.., the heat of reaction, when 0-20-—-2-00n-sulphuric acid 
was used, was found to be 60 + 02 kcals. per mol. This agreed closely with the value found 
by Pressman and Lucas (loc. cif.), vis., 6°8 kcals. per mol., for AE under very different reaction 
conditions. 
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Tasts III. 
Arvhenius energies of activation (in kcals. /mol.). 
Calculated from Table I. Initial acraldehyde concn. — 0-600m. throughout. 


Arrhenius energies of activation (in kcals./mol.). 
Calculated from Table II; H,SO, concn. — 1-00n. throughout. 
Initial acraldehyde 


Temp. « 50-0°; H,SO, concn, = 1-00n.; initial acraldehyde concn. « 0-600. throughout. 
HgSO, concn, (% W/V) ....ccc.cececeeeceeeees ote 
10%(A, + AL.) (min) 


Addition of mercuric sulphate to the hydration mixture resulted in a considerable increase 
in the overall rate constant & (Table V); the rate of polymerisation of the aldehyde also appeared 
to be increased greatly, and solid deposits were 
observed in two runs before equilibrium had Fie. 3 
been attained. Arrhenius energy of activation (dehydration). 

the rate constants 4 and &, were Iemperenure 
independent of the initial acraldehyde concen- 
tration (see above) the rate constants A_,, which 
were calculated by difference (Table II) and 
were much less accurate than the other rate 
constants, appeared to be appreciably affected 
by the initial acraldehyde concentration; in 
this connection it is noteworthy that the initial 
acraldehyde concentration also affected the 
equilibrium constants K, and these effects are 
probably related to the rapid reversible dimeris- 
ation of §-hydroxypropaldehyde which is dis- 
cussed later. 
"The reversibility both of the dimerisation of 
the hydroxy-aldehyde and of the hydration of 
acraldehyde was proved in the course of kinetic 
experiments on the dehydration of the former. 
In view of its rapid dimerisation (see below) its 














Plot of &_, against 1/T. 
Acid conens.: 1, 3 6m.; 11, 2-On.; 
Ill, 1-On.; IV, O2x. 


(et. . 
” are due to the inaccuracies inherent in the study of a reaction which 
reaches equilibrium at a conversion of less than 15%. 
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The isolation of pure §-hydroxypropaldehyde from the product of the acid-catalysed hydration 
had not previously been reported, and was thought by Helberger (PB 19,417) to be impracticable. 
In the present investigation it was found that after hydration at 50° for a time just sufficient to 
establish equilibrium and after careful neutralization (pH 6—7) of the acid catalyst with solid 
calcium carbonate, 88% of acraldehyde had been converted and 96% of the initial aldehyde 
function 


bath temperature (cf. Glattfield 

bs ; in spite of these precautions, much 

resinification took place and the yield of pufe §-hydroxypropaldehyde of b. p. 38°/0°2 mm. was 
low, amounting to a maximum of 20% of the theoretical weight. 

The distillate, a comparatively mobile oil, was observed to become warm spontaneously 
within a few minutes of distillation, giving a viscous oil of sf 1-4783, presumably the so-called 
65 ypropionaldechyde lactol “ of Bergmann, Mickeley, and Lippmann (Ber., 1929, 62, 
1467), By analogy (cf. Spath and Schmid, Ber., 1941, 74, 859) with acetaldo!l (which in our 

hands dimerised more slowly than §-hydroxypropaldehyde) this substance is now assigned the 
ee of the hemiacectal (I), and not the symmetrical formula (II) proposed by Bergmann ef 
al, (loc, eit.) 

The unsymmetrical structure (I) was shown to be correct by acetylation of the dimer by the 
method of Bergmann ¢f al. (loc. cit.), and by hydrolysis of the diacetate with 0:046n-aqueous 
hydrochloric acid at 70° (cf. Spath and Schmid, loc. ci#.), whereby it was found that the two 


OH 
O-CH, CH,—-CH,—-CH 
() HOCHYCHyCcHy CH, oO 
\O—CH’ CH-—CH,—CHY 
oH war 


HOCH, CH, CH CH, 
O-CH, 


(ut) O-CH, 4 No HO av) 


AH, 


acetyl groups were removed at different rates (Table VI). This, in conjunction with the 
hydrogenolysis of the diacetate to 2-2’-hydroxyethyl-| : 3-dioxan (III), reported by Bergmann 
et al. (loc. cit.), may be accepted as conclusive proof of the unsymmetrical structure of dimeric 
§-hydroxypropaldehyde in accordance with the predictions of Spath and Schmid (loc. cit.) and 
of Owen (Ann. Reports, 1044, 41, 139) 

Reaction of the dimer of §-hydroxypropaldehyde with 2: 4-dinitrophenylhydrazine in 
anhydrous methanol containing a little concentrated sulphuric acid rather surprisingly gave a 
high-melting derivative (m. p. 228°, decomp.), the uitra-violet light absorption of which was in 
agreement with that of an «$-unsaturated aldehyde (cf. Braude and Jones, ]., 1945, 498). This 
compound was thought to be the 2 : 4-dinitrophenylaydrazone of 3-formyl-A*-dihydropyran (IV), 
a postulate supported by the elementary analysis, In view of the work reported by Helberger 
(PB 19,417), this material was not examined further but it is hoped that its identity may be 
established with certainty when details of Helberger’s work become available. 

In aqueous hydrochloric acid solution, dimeric §-hydroxypropaldehyde reacted with 2 : 4-di- 
nitrophenylhydrazine giving a mixture of its own 2 : 4-dinétrophenylhydrazone, together with 
that of acraldehyde and a little of the 2: 4-dinitrophenylhydrazone, m. p. 228° (decomp.), 
obtained before. 

This is a further confirmation of the fact that dimeric and monomeric 8- ta tage |e ee 
are in equilibrium in the solutions used, as is the case with the homologue, acetaldol (Spath, 
Lorenz, and Freund, Ber., 1942, 76, 1029) ; a further equilibrium is set up in acid solution between 
§-hydroxypropaldehyde and acraidehyde. The formation of the 3-formyl-A*-dihydropyran 
may thus be explained by assuming a union of the two aldehydes, or a self-condensation of the 
former, and subsequent loss of water. 


EXPERIMENTAL. 
turn glass helices: it had b. p. 81-82" and was stabilised ‘the adtition of O24 | 
was 
Soublcts Gath Uy calsnaion ced Up Geniaen chaseption dhowed 60% purity. aR rs) of guia. 
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Pure acrakdehyde (100-3% by oximation; 99-4% by bromine 
however, gave results in close agreement 


values o 
being in mil. of 
(a) 2-00~-H,SO,; 0-690m-acraldehyde; 200°. 
Time (mins.) . 
10-13 8-46 
1A (min) .. 53-9 53-3 62 Sl 54 
Conen. of acraldehyde at equilibrium : 40% of initial concn. 108 (average): 54-6 min.~. 


fies tf) 3 7 
. 246 1-40 848 
wii 648 637 668 662 
: 11-0% of initial concen. 10° (average): 659 min“. 
( 1-00~-H,SO,; 0-138m-acraldehyde; 20-0". 
f 1 ns ye yy O35 
Bromine absorption titre of 5-00 ml. 13- 12-10 5 
90D CaO.) oon ee ecscereeccerrertsceee = 34 86930 86235 
Concn. of acraldehyde at equilibrium : 7-2% of initial concn. 10*A (average): 23-4 min“, 
The experimentai conditions of the dehydration, carried 
starting material, were in every way analogous to those described above. 


experiments, the following two 
with ron sahphrante ack and O-008u dimoric ahashyae tia, 10u-p aye 





Bromine 
10*2 (min.*) 
Bromine sbeorption titce of 166 ai 
a Te o . 
10*A (min.~) ....... 6 ARE Cisse oe 
Concn. of acraldehyde at 
10*k (average): (i) 27-0 min.*; (ii) 27-7 min“. 
K = 182; &, = 26-4 min; A, = 14 min, 
(6) At 500°. 
21 
0-47 29 1-38 
270 
3 20 
0-24 128 
261 279 IM 
Conen. of acraldehyde at equilibrium (% of initial aldehyde function): 12-4 
10*k prone . # 281 min.*; (ii) 270 mia. 
K = 70; hy = 241 min; &, = 34-4 min. 
Calculated Arrhenius energies of activation (in kcals./mol.) : 


Basen 44, Egy 19%, Egg Wl. AE @ Egy — Egy = 62 koals. per mol. 


was run into 20-0 ml. of standard 
an excess of diluted (1:1) “ AnalaR ” 
30 seconds, treated with cold 20% wiv 





: was passed through a falling-film evaporator under vacuum 
ea: Se es ald mae te get fy eye sper bee dey ee 


crude §-h yde (70—80 g.), containing about | of its weight of water and 
some polymeric ma , was then distilled at the oil-pump under about 010-5 mm. The pure 
(1215 g.) distilled very slowly at 38-—45° /0-2—0-6 mm. (Glattfield and Sander, loc. cit., give 
Ai mm.), and extensive resinification of the flask contents took . 
ydrosypropaldehyde 





tential carbonyl groups per mol., ¢.¢., the dimer be! 


yde 
(i) In anhydrous methanol. The dimeric aldehyde (1 g.) was dissolved 
taining concentrated sulphuric acid (1 g.) and 2 : 4-dinitrophenylhydrazine 
. . After two days a solid (1-2 g.), probably 3-formyl-A*-dir 2: thydrasone 
. p. 214° (decomp.), had ted. After c 
acetate and chroma Jomi 


Peter Sp , type H) from 
Cals, requires C, 49-3; H, 415%), and light absorption 


tion of the dimeric aldehyde (1-5 g.) in a 2~-hydrochloric acid solution of 2 : 4-di- 

ydrazine (2-6 g.) gave, within 5 minutes, a yellow precipitate (2 ¢.), m. p. 95—100°, which 

and then melted at 155-—160° (decomp.). tography of this material from benzene 

solution on alumina separated three substances : most readily eluted was acraldehyde 2 : 4-dinitro- 
phenythydrazone (about 80 mg.), m. p. 161--162° (mixed m. p. with authentic material of m. p. 164° 
was 162-163"), light absorption maximum (in EtOH) at 3690 a., ¢ ~ 25,000 (Braude and Jones, /., 
1045, 408, Wik 3660 a..¢ — 25,500). The intermediate benzene eluates contained htly impure (?) 
~dih 2: 4-dinitrophenyihydrazone (about 150 mg.), m. p. 217-219 (decomp.), 

jon maximum (in EtOH) at 3770 a., ¢ « 31,000. The most strongly adsorbed material 


ure outlined 
ytically 














>, 42-56; H, 3-05; N, 22 ) and light absorption maximum (in EtOH) at 3600 a., « « 000. 

of Dimer ae Wywrcy The dimeric aldehyde (5 g.) was acetylated by the 

method of Bergmann ef al. (Ber, 1929, 1467) by being kept with acetic anhydride (10 ml.) and pyridine 
(10 ml) at room temperature for 24 hours. Ether (150 ml.) was then added and the solution was hed 
with ~~ sodium hydroxide, y-aqueous hydrochloric acid, and, finally, water. The ethereal layer 
wasd and evaporated at 12 mm., leaving an oil (2-8 g.) which was fractionated. The product (2-1 g.), 
4-acetoxy-2-2’-acetoxyethy!l-1 : 3-dioxan, had b. p. 96°/0-1 mm., nf? 1-4489 (Pound: C, 51-65; H, fy 
Cale. for CyH,,O,: C, 51-7, H, 605%). Bergmann ef al. (loc. cit.) give b. p. 122—123°/0-5 mm., sf 





Taste VI. 
Hydrolysis of 4-acetory-2-2'-acetoxyethyl-1 ; 3-dioxan by 0-05n-HC1 at 70°0°. 
Time Titre (ml Diff. from Acetyl groups Time Titre (ml Diff. from Acetyl 
(mina). OOlw-NaOH). blank (mil hydrolysed (mins). 0(ln-NaOH). blank (ml.) aes 

: 28-40 4 1-7(5) 

28-70 1” 
28-85 . 1-9(5) 

29-0 - 20 
29-1 - 2-0(5) 





: age VA wry 

4489, was added to approximately 
colstion’ (phowolphtheletn indicator). 
. Results are given in Table VI. : 


carbonyl compounds was 
; 1042, 64, 1122, 1953; 1044, 66, 1818), and 


(6-0 + 0-2 kcals. per mol.) in these energies of activation (which is equal to the heat of reaction) 
melee © supaey gestette et Co ee ere ee 
rate-determining step. 
“The fellvutog enedhantine tele senedé wlth the Sects dheureed ond Ge Ghdutteh teh chive. 
The first step of the hydration reaction is the reversible, fast (cf. Braude, /., 1944, 447; Day and 


Ingold, Trans. Faraday Soc., 1941, 37, 686), acid-induced transfer of a hydrogen ion from its 
solvate to the carbonyl! group of acraldehyde (V) to give the oxonium ion (VI); during the next 


He nO 
CH CHCHIO [— CH CH<CHIOH* [— CHyCHICH-OH 
(Vv) (V1) om OMS (VIL) 


ia [ome 
ot . 
ax) Sa ame Sue event) 


step, the rate-determining nucleophilic addition of a water molecule, the charge on the ion is 








498, Valentin: Vapour-phase Catalytic 


Sathe Gtrtatine 6 ineiaye: esas 
first is the fast acid-catalysed transfer of a hydrogen ion from the solvate to the aldehyde (IX) ; 
this will take place at the oxygen atom of the alcohol and not at that of the carbonyl group, as a 
carbony! compound has stronger proton-donating (and thus weaker properties 
than has an alcohol (cf. Braude ef al., J., 1968, 1971, 1982). The oxonium ion (VIII) formed 


undergoes acid-catalysed enolisation (cf. Hammett, op. cit., p. 231), generally a slow reaction 
(cf. Remick, Na a ctt., p. 375) which in the case of the halogenation 


step 

Seti Ghesendest Puan, “2000 pp. 52, 68, 137); 
determined is, however, still about ten times as great as that of the dehydration of §-hydroxy- 

under consideration here. Moreover, in the present case the charge on the 
pcos eae een apse. he Sem elk oe seg Hoe and it is thus most unlikely 
that the enolisation step is rate-determining in the dehydration of -h 
Siivuaetess tinea nines teins Shad thes aune eenabemidiner ate te tai tonne onde toe tha onal 
(VII) which proceeds with a simultancous redistribution of the charge to give the oxonium ion 
(V1), which on loss of a hydrogen ion affords acraldehyde (V). 

The essential réle of the acid catalyst is thus to permit the formation of the oxonium ions 
(VI and VII), interconversion of which involves the addition or loss of a neutral water molecule. 
This step will require less energy than the addition of one ion to, or its separation from, another. 
The formation of the enolic ion (VII) from the conjugate acid (VIII) of 6-hyroxypropaldehyde 
in the dehydration reaction is presumably necessary as the olefinic link of the enol (VII) provides 
a ready means of charge distribution during the loss of the water molecule, and thus of forming 
the conjugated system of the ion (V1). 

Several effects observed in the present work are not readily predictable on the basis of the 
mechanism proposed, although they are not excluded by it. They include the variation of the 
equilibrium constant K with temperature, and the effect of acraldehyde concentration on the 
equilibrium constant and on the rate constant &., (cf. Table II). Whilst the former variation 
may be explained thermochemically, the latter effects are probably due to the dimerisation of 

yde, which is, however, readily reversible and does not prevent an approach 
to the equilibrium from the §-hydroxypropaldehyde side. 

No difficulty was experienced owing to the polymerisation or cyclic condensation of the 
aldehydes in solution, and the constancy of the equilibrium values (taken after 6 and 8 half-times 
of reaction) provides good evidence that these undesirable side reactions are very much slower 
than the hydration of acraldehyde under the conditions here examined. 


The authors are indebted to Dr. H. M. Stanley for his interest and encouragement, to Mr. R. J. R. 
Hayward for experimental assistance, to Mr. A. RK. Philpotts for ultra-violet absorption data, and to the 
Directors of the Distillers Co. Ltd. for permission to publish this work. Micro-analyses are by Drs. 
Weiler and Strauss 
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97. Equilibrium and Thermodynamic Relation in the Vapour-phase 
Catalytic Dehydration of Ethyl Alcohol to Ethyl Ether. 
By F. H. H. Vatewrr, 


Equilibrium relations in the gas-phase dehydration of ethyl alcohol to ethyl ether have 
been studied. The thermodynamic functions for both the reaction and the substance ether 
have been derived. The values found for the heat content for ether are at variance with those 
previously accepted. Heat capacities calculated from spectroscopic functions agree with 
those derived from the experimental results. 


In investigations on the formation of ether from alcohol it became necessary to find the 
requisite equilibrium and thermodynamic relations. For this we required suitable catalysts, 
a@ method of analysis for the reaction products, and a suitable apparatus for determination of 
the equilibrium constant. 

Three groups of catalysts are known for the dehydration of alcoho! to ether: aluminium 
oxide; aluminium sulphate; and sulphuric and phosphoric acids. A considerable number 
of alumina catalysts were investigated, but a!! were only slightly active at < 250°, while at and 
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equilibriem prepared 
U. Soc. Chem. Ind., 1926, 45, 1681) was found to lead to ether exclusively and in good yield at 
200--240°. For equilibrium determinations at lower temperatures a new catalyst 


acid-catalysed reaction with acetic anhydride (Valentin, /. 5. African Chem. Jnst., 1949, 3, 58) 


Preparation of the Sulphuric Act 
stream of water 12 hours, then 

(125 g.) was them soaked for 2 hours in a solution of sulphu: 
4-5 g.) in water (388 ¢.c.). The solution gel 
The and drying were repeated 4 times, all the solution being then taken up by the 
final drying was for 16 hours. 

Apparatus for Eq 


ts 





ar) | 


e 


by 
. Tetralin, used up to 170", and “ Dowtherm,” used at higher 
their vapour preasure-temperature relations. The lid of the autoclave 
tus was well lagged and the temperature was 


0-87 


60° 
* Pease and Yung, /. Amer. Chem. Soc., 1924, @, 2397. * Mailhe and de Godon, 
chim, 1916, 6, 566. * Jatkar and Watson, /. /ndian Inst. Sei. 
and Winter, J. Amer. Chem. Soc., 1926, @7, 2748. 
157, A, 348. * Alvarado, J. Amer. Chem. Soc., 1928, 50, 790. 


The experimen 
log K, = 7-70 — 2200T"* — 1-00 log T 4 0-04 
Thence other thermodynamic fuactioas for the reaction were calculated, as follows ; 


AF? = 10-061 + 4-573T log T — 35-217 
AH® = 10-061 — 19867 


ac,* o — 1-986 
AS” « 526 — 455 log T — 10-0207" 


To minimise errors the following equation was used in calculating the entropy change 


AS* = aoe? + lots Ky) 


Discussion. 


Thermodynamic data for ether are calculated from those for the reaction, the best 
availabie data for alcohol and water being used. For alcohol 
e == 3-578 + 40-847 x 10°T — 16001 x lo7*7" 


= —51-762 + 3-578T + 24-024 x 10°T* — 54-64 x 1o"T* 
S* = 31-03 + 8230 log T + 49-65 x 10°T ~ 849 « lO'T* 





and Flanagan (J. Amer. Chem. Soc., 1942, 64, 2511), Brickwedde, Moskow, and 
. Stand., 1946, 37, 263), and Aston (Jud. Eng. Chem., 1942, 34, 514)). 


+ 2374 x lo*T + 267 x lor 
- s7018 ee ot ee et See 
4-08 + 16-623 log T + 2-374 x 10*T + 1-34 x 1O7T 


tom Spencer and Flanagan cit.), Brickwedde, Moskow, and Aston (lec. cit.), Giauque and 
Archibald (J. Amer. Chem. Soc., 1937, 59, 56), and Gordon (/. Chem. Physics, 1934, 2, 65)). 
Then for ether 


* = 2069 + 97-320 x 10*T — 34249 = 10°77" 
7 — 20463T + 48-661 x 10*T* — 11239 x 1077" 
T + 97-33 x 10°T — 171-1 x 1lo*T* — 10-020T" 
— 4877 x 1 *T* + 56-02 x 107TT* + &718T log T. 


These results are recorded in the following table, together with values in the literature, 
extrapolated values being marked with an asterisk. 


— aanenee 
o26°* -- 119-2 
era soe Chan’ See 1008, ah 17am ane © . Chem., 1941, 33, 759). 
uftman (J. Amer. Chem. Soc, 1924, 46, 1753) 
of combustion secerded by Stchmann, Rodatz, and Hersberg (/. pr. Chem., 1887, 35, 
HH” 449%, 
and Bixler (J. Physical Chem., 1934, 38, 747) give 32-1. 
I thank the South African Council for Scientific and Industrial Research for a grant 
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98. Optical Activation by Asymmetric Solvent Action. 


By C. Bucmanan and S. H. Grama. 
‘ot first- oy cpucalty ae pee o transformations have been observed to occur 


active, but ey compounds are dissolved in an 

80 have a sufficiently high rotation to 

Ppiive siren. to J hd of t rates of racemisation in an inactive solvent and to 
compare the effect of substituents on the optical stability of closely related compounds 


Tue existence of a differential solvent effect of an optically active solvent on the two enantio- 
forms of another active substance was established by Patterson and Buchanan (/., 
1940, 200: cf. also Patterson and Lamberton, /., 1937, 1453) who showed that, while the mole- 
cular solution volumes of a pair of enantiomorphs were identical when measured in a symmetrica! 
solvent, they differed by a small, but definite, amount when measured in an asymmetric solvent. 
Several workers have examined the possibility of resolving racemates by means of an asymmetric 
solvent, ¢.g., by determining the solubility of the two enantiomorphs separately in an active 
solvent or by crystallising or extracting the racemate by means of an active solvent. No 
differentiation of the kind sought was found (Turner and Harris, Quart. Reviews, 1948, 327). 
Turner and Harris (Joc. cit.) state that “ Generally speaking, racemates cannot be even partially 
resolved by crystallisation from an optically active solvent. This is what might be expected, 
unless one antipode crystallised with solvent of crystallisation. An example remains to be 
discovered in which association with an optically active solvent, by hydrogen bonding for 
example, ia responsible for solubility differences in a pair of optical isomerides . . . Some such 
loose association, with preference for one isomeride, must be responsible for cases of partial 
resolution by adsorption on optically active adsorbents.” The very slight solvent effect 
observed by Patterson and Buchanan also supports the view that resolution of an optically 
stable compound is unlikely. We thought, however, that this effect might be made more 
manifest by examining optically unstable compounds of the type used in asymmetric trans- 
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formations, i.¢., that the asymmetric solvent might influence the relative stabilities and solu- 


sulphonic acids. Owing to the fact that it is water-soluble its removal from solid materials 
ED LTS Cee ree 
from it by extraction with ether. 
The first compound to be examined extensively was 2-acetomethylamido-5 : 4’-dimethyl- 
diphenyl sulphone (I, X — Y — Me), which owes its asymmetry to restricted rotation about 
NY Ac NMeAc NMeAc 
t ro eH, Meip) NO, 4 ‘SOyNHPh x! ‘SOC tH Me(p) 


A ae 4 


7 ‘7 OMe . 
X HOS A Ww NO, 
. 
y 


I (It) itl) Tv) 


en es ee Experiments with this compound are typical 


precipitated by : 

this gave a levorotation (« ~ —0°15°) in chloroform solution. Both samples mutarotated to 
zero rotation, the half-life period at room temperature being 19 minutes. 

When a sufficiently dilute solution of the sulphone in ethyl (+ )-tartrate was kept at room 

temperature for a few hours so that no crystallisation occurred, the material in solution was 

found to be levorotatory. As this was the whole amount of the originally optically inactive 


the less soluble form of the compound should also be the less stable. 
permet eer. iron team seem Soares nden th otovmap schwaseo unl hye sol 


workers who activated the substances by formation of diastereoisomeric salts in the normal 
manner. 

With increase in temperature of the solution the activation effect decreases, and, in the 
case of this sulphone, is negligible at 84°. This temperature effect was observed to apply 
both to first- and to second-order transformations. 

Compound (I) was also examined in other optically active solvents. Ethyl! (—)-tartrate, 
as expected, gave the same results as ethy! (+ )-tartrate except for the reversal of the direction 
of rotation, i.¢., the crystals were levorotatory and the material precipitated from the mother- 
liquors dextrorotatory. (—)-Menthyl acetate gave a second-order transformation. No 
a eC SS ae ae ee 
asymmetric solvent. The solubility of the sulphone in cold sec.-octyl alcohol is low and 
crystallisation took place rapidly; crystallisation of the sulphone from ethyl tartrate took 
several days. However, crystallisation of the sulphone from menthy! acetate was also rapid, 
so it is difficult to say whether rate of crystallisation is an factor. 

The related N-ethyl compound (I; X = Me, Y = Et) has also been found to undergo both 
first- and second-order transformations in ethy! (+)-tartrate. As expected, it was found to be 
optically much more stable than the N-methyl compound, having a half-life period of about 
6 hours as against 19 minutes. This is of interest as showing that a compound of such relatively 
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optical stability is capable of undergoing asymmetric transformations in an asymmetric 


in this way, i> the hago 
obtained. 


that an example exhibiting a more complete activation effect might be 

It has been shown by Adams and his school that, in the case of optically active diphenyl 
derivatives, substituents other than those actually involved in the steric interference can 
influence the optical stability of the compound (Adams ef al., J. Amer. Chem. Soc., 1932, 34, 
2006, 4434; 1034, 56, 1787; 1035, 57, 1692). Adams investigated the series of compounds 
obtained when a substituent X is introduced into positions 3’, 4’, or 5’ of the dipheny! molecule 
(II). He found that for each of the three series of compounds the optical stability increases in 
the order H <OCH, <CH, <C! <Br<NO,. A similar investigation was carried out on 
the sulphone type of molecale. The substituents Cl, Br, OCH, were successively introduced 
ia place of the p-methy! group (1; X = Cl, Br, OCH,; Y — Me or Et); the N-methyl-p- 
d, however, was not prepared in sufficient quantity for experiments with ethy) 
(+)-tartrate. ot these compounds, all underwent first-order transformations - ethyl (+)- 
tartrate and, with the single exception of the N-ethyl-p-chloro-compound, all underwent 
second-order transformations also. The relative optical stabilities are shown in Table I. 
Since the observed rotations are small, these values are only approximate, but they allow the 
various compounds to be arranged in order of optical stability, which decreases in the order 
OCH, > CH, > Cl> Br. It will be olmerved that the substituents fall into the same sequence 
as that observed by Adams but that the order is reversed. 





Taste I. 
Half-life periods of 9 
Y-CH, Y-=-CH, Y<CH, Y-=-CwH, 


p- Dr 30 mins. PCH 19 mins. 720 mins 
~ 3 mins 120 mins p-och, 41 mins. many hours 





It was desired also to investigate the nitro-substituted sulphone (I; X = NO,), but no 
route leading conveniently to its synthesis could be found. The closely related sulphonanilide 
(111) was not activated by ethyl (+-)-tartrate, nor did 5-nitro-2-acetomethylamidobenzene- 
sulphonic acid give any evidence of asymmetric transformation with brucine or quinidine. 
In so far as conclusions may be drawn from such negative results, it seems that a nitro-group 
para to the methylamido-group destroys the asymmetry of the molecule, possibly because of 
resonance involving both the nitro- and the amido-group. 

The unsubstituted and m-substituted compounds (IV; X — H, Br, Cl, CH,, OCH,) could 
not be activated by solution in ethyl (+-)-tartrate. These observations were most surprising, 
having regard to the very consistent reaults obtained with the p-substituted sulphones. The 
explanation possibly lies in the difference in physical properties. The unsubstituted and m- 
substituted sulphones are much more soluble in common solvents than the p-compounds and 
display a greater tendency to form supersaturated solutions, the most extreme case being that 
of the m-chloro-compound, solutions of which in acetic acid remained supersaturated for up 
to two days, crystallising rapidly on the addition of a crystal of the sulphone. With one 
exception they did not crystallise from ethyl! (+ )-tartrate and had to be precipitated by water, 
the solute separating first as an oil which solidified on more or less prolonged standing. The 
m-nitro-compound (IV; X « NO,), which did not display this tendency to form supersaturated 
solutions, was crystallised from ethyl (+ )-tartrate but it gave no evidence of activation. 

Derwatiwes of Benzodiphenyiamide.—Three o-substituted b diphenylamides (V, VI, 
VII), compounds of low optical stability similar to compounds investigated by Turner and his 
school, have been examined. The acids corresponding to the first two of these esters have been 
resolved by Jamison and Turner (J., 1940, 264), who measured their rates of racemisation; 
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both esters were observed to undergo both first- and second-order transformations in ethyl 
(+)-tartrate. The rotation of the product of the first-order transformation of (V) was the 


m % Me % ‘ cig ‘a 
‘ ~~ Pas - \ AN "4 
¥ COMe COMe 
, A , te 
(v) (VI) 


largest observed in the course of this work ([¢),,¢, = —4°4"). In this case the enan’ 

which is present in excess in solution also predominates in the crystals which separate out, 
which have [a),,., = 075°. Crystallisation from ethyl (—)-tartrate gave a product having 
(@)escn = +0°79°. The observed rates of racemisation (Table IJ) of these esters corresponded 
fairly satisfactorily with those recorded by Turner for the acids. 


by crystallisation. It is possible that in this case also some form of 
the effect of a possible second-order transformation. The half-life 
was large compared with that of (VI) (15 mins. as against 5 mins.). 


stability 
of the sulphones, and to similar observations in the diphenyl series recorded by Kuhn and 
Albrecht (A nnalen, 1927, 468, 221). 

Prototropic Compounds.-A compound which exists in solution as an equilibrium mixture 
of two tautomers, one of which is asymmetric and the other symmetric, should be capable 
of undergoing asymmetric transformations. Only a few instances of this are recorded in the 
literature, and most of the compounds in question were unsuitable for the purposes of the present 
work. Leuchs and Watke (Ber., 1913, 46, 2420; 1921, Se S000) Soeeetignnes Cue 





Seon: chaedeataiies ate ter aaa Gs eee Glee No 
could be Soin ten shes ipuiheated Coeneeetd Sint Wha eink isin Gaendeliener eatuet 
the presence of highly coloured impurities. 

On the basis of Leuchs and Wutke’s observations on the substituted indanone it seemed 


from ethyl acetate, the (—)-base, (+)-acid was isolated, (a), = —12°1°. 
treatment with hydrochloric acid, the (+)-acld was produced, (a), = +27°5". This 
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did not racemise in chloroform solution, as did that of Leuchs and Wutke. It racemised 
slowly, however, on crystallising from hot acetic acid; it also racemised in hot aqueous-alcoholic 


recovered ester had [a),4, = +31°8", showing that no racemisation had taken place in 
the process. The increase in rotation of the ester was presumed to be due to some purification 
that had taken place in the course of the attempted racemisation. This result is rather difficult 
to reconcile with Leuchs and Wutke’s claims, but it indicates that e-benzyldeoxybenzoin itself 
would be unlikely to undergo an asymmetric transformation. 

Optically inactive methyl!  eeeiidetoetacatehe Rendimvaliaks wile sinabilibied teen sills 
(+)-tartrate solution. Almost all the ester separated from the solution: the crystals showed 

no rotation. 


aa’-Dinitrodibenzy!, which contains the nitro-acinitro-system, was also investigated. 
This substance has been shown to exist in two isomeric forms, one m. p. 235° and the other 
m. p. 162° (Schmidt, Ber., 1901, 34, 3540; Brown and Shriner, J. Org. Chem., 1937—1938, 2, 
376). The compound contains two asymmetric carbon atoms; one of the isomers will be the 
racemic and the other the meso-form of the compound. No means of distinguishing them exists, 
since, as they lack any salt-forming group, no method of resolution, other than asymmetric 
solvent action, is applicable. It was hoped that the racemic form might undergo an asymmetric 
transformation in ethyl! (+-)-tartrate solution, and there was a possibility that the meso-form 
might undergo partial conversion into its isomer under the influence of the ethyl (+ )-tartrate. 
The higher-melting isomer crystallised rapidly from the ethyl tartrate. In the first experi- 
ment the crystals were found to be levorotatory in nitrobenzene solution; mutarotation 
occurred at room temperature. A certain amount of decomposition of the dinitrodibenzyl 
had taken place, however, as indicated by the evolution of nitrous fumes; it had been necessary 
to heat the dinitrodibenzy! and the ethyl tartrate for rather a long time near the boiling point 
of the ethy! tartrate to bring the sparingly soluble nitro-compound into solution. The experi- 
ment was repeated, care being taken to avoid any decomposition of the nitro-compound; the 
crystals which separated were optically inactive. No rotation was detected in the crystals 
when the first crystals were allowed to separate at 86° (to permit of slow crystallisation). The 
rotation observed in the first instance was possibly due to chance preferentia! inoculation of 
the solution or to an asymetric decomposition. All these samples melted at 235°; there was 
no indication of any conversion into the lower-melting isomer. When the other isomer was 
crystallised from ethyl (+ )-tartrate there was no indication of any asymmetric transformation 
or of any conversion into the higher-melting isomer 


EXPERIMENTAL. 


yo oe readings were made in a 2-<dm. tube with mercury green light, A — 5461 a.; all m. p.s 
are uncorrected 


5- Substituted * A cetoathylamido-4'-methyldspheny! Sulphones.—The toluene-p-sulphony! derivatives 
of p-methyl-, p-methoxy-, p-chioro-, and p-bromo-N-methyl- and N-ethyl-aniline were all a by 
normal methods. Rearrangement to the o-amino-sulphone was carried out by heating it at 100° with an 
equal weight of 06% sulphuric acid for 2 hours; when the mixture was cooled and poured into water 
the sulphones were pitated. The following 2-amino-4’-methyldipheny! sulphones were obtained : 
N-acetyl-N ; 6-dimethyl-, prisms, m. er’ (iit. 138°; Halberkaan, Ber., 1921, 64, 1835) (Found : 
C, 64-5; H, 8 Cale. for C,,H,O C, 64-4; H, 60%); N-acetyl-S-methyl-N-ethyl-, needles 
(alcohol), m. p. 145"; N-acetyl nt eld N- methyl-, prisms eaenen. . 138°; S-methory-N-cthyl-, 

ma (alcohol), m. p. 04° (Pound: C, 63-1; H, 63; N - C,,H On NS requires C, 63-0; H, 6-2; 

, 46%); N-acetyl-b-methory-N-ethyl-, prisms (alcohol), m “se (Bound : C, 62-4; H, @1; 

elles NS requires C, 622; H, 60; N, 40%); S-chlore ~-methyi-, needles (alcohol), 
Calta C, 57-1; H, @@; N, &l CigHaal is ogee G 49; H, ; MN, , 
acetyl N-methyl _ needles (alcohol), m P isd (Found: C, 570; H, 47; N, rH CigHy of 
C, 66-0; H, &7: N, 42%); B-chloro-N-cthyl-, needles (alcohol), m. p. 136° (Pounk't 
N, 44. C,\H, O.NCIS requires C, 582; H, 6-2; x, 45%) ; 5-chloro-N-acetyl-N -ethyi-, iste 
m p. 163° (Pound: C, 560; H, 54; N, 3-7. Cy Hy «JU, NCIS requires C, 586-0; H, pt coud, 
5-bromo-N-methyi-, needles (alcohol), m. p. 161° ( ound ; C, 30-0; ~ 43. C,,H,,O,NBrS requires 
> ; H, 42%); 5-bromo- are N-methyl-, needles (alcohol), m 173° (Found : 50-1; 43. 
' 4-2%) ; i boome Mestad. seadiee (alcohol), m. 141° ‘eoind 
H, 40,8 Brs requires C, os H, 46%); 5-bromo-N-acetyl-W 
144° (Pound : C, 51-5; H, 46 oH, OpNBrS requires C, 51-6; H, 44%). 
: @'-dimethyldephenyi Sel in Ethyl (+)-Tartrate.—(a) sulphone 
(3 6.) wes Gualved in ethyl ( +)-tartrate (10 ec.) Alter 5 hours at room temperature the sulphone was 
ted by addition of water, filtered off, washed thoroughly with water, and dried in vacwo; 1-336 g. 
inc 15 cc.) had a” —0-20°, rising to zero, half-life period = 19 minutes. 
(6) The (5 g.) was crystallised from ethy! (+)-tartrate (7 c.c.). When crystallisation 


ys * 








to —0-10° in 80 minutes, the final lavorotation being 
yl acetate. 
wie) (+) ond (~}-0e etyt aleabel. Solutions of the sul 
were allowed to crystallise ; ER Soenineneuieientiogsae whole of 
beaay we bon we be 


: &'-dimethyldiphenyl Sulphone in Ethyl (+-)-Tartrate —The 
from ethyl Ur er pee ue ry Crystals: 16164 g. in 15 cc. of 
*, falling to zero, half-life period ca. 6 hours. Precipitate: 1-254 g. in 15 ¢.c. of chloroform 

had o” —0-08", to zero. 

A solution of 1 g. in 10 c.c. of ethyl (+)-tartrate was kept for a few days, and the solute recovered 
by precipitation with water; 1-5177 g. in 15 c.c. of chloroform had a” —0-08”, rising to zero. 

Other Compownds of T (1) im Ethyl ( +)-Tartrate.—The 
ethyl (+)-tartrate (3 g. in 10 c.c.), giving two fractions, c . precipitate 
liquors, B. Samples (1 g.) of the sulphones were also kept in solution in ethyl! (+)-tartrate (10 ¢.c.) 
phere bearer ne near teat tenant Satan yes ba Paty dp pe a fraction C. The 
observed rotations for the various fractions in chi lution (15 c.c.) of all these compounds are 
tabulated below. 

Sodium N-Acetyl-N-methyl-p-tolusdine-3-suiphonate in Asymmetric Solvents .—N-Methy!-p-toluidine 
= repared by the method of Halberkaan (Jee. eit), and its acetyl derivative eulphonated and seetylated 

e method of Mills and Kelham (Joc. oif.). The hydrated salt melted at 84°. 

a= Ethyl (+)-tartrate, A solution of the salt (2 g.) in ethyl tartrate (5 c.c.) was kept at room tem- 
perature for 5 hours, and the solute by precipita’ 
to difficulty in obtaining a solid precipitate). The salt was freed from ethy! tartrate by extraction 
ether in a Soxhlet apparatus: 1-267 g. in 15 c.c. of water had a” —0-08", rising to zero, half-life period 
150 minutes 

(b) (+)-sec.-Butyl alcohol. The salt (2 g.) was recrystallised from moist (4+-)-sec.-buety! alcohol 
(7-5 ¢.c.). The crystals were filtered off at the pump and washed with ether several times: 1-562 g. 
in 15 cc of water had '* ~ 9-07", rising to zero in about 6 hours 

5- Nitro-2-methyl. de ——2-Chloro 

48 hours in methanolic solution with an excess of meth 


.f alcohol (Found: C, 514; H, 4-4; N, 198 8. Croll se N,5 requires 
rom ou 

; N, F tong (Found. 
$6; H, 44; N, sy H, 4-4: 'N, 12-60%) Crystallisation from 


ethyl (+)-tartrate gave an ie , 10 in dioxan) 














A. 


iritiale. Wt. 





: €, 6h mas c, 


aaa bee 


Ccmsthyidighonys ‘odaboans 
prisms iylamads Amat ates C, 635; H, 50. C 7O,NS requires 
needles (from alcohol), m. p. 101? (Peed C, 645; 
C, 644; H, 60; N, 45%); ; needles (from 





et , needles ( 
from methanol), m. p. ‘ur (Found : 
; NL + ; 4-chloro-2 


ound: C, : “3. S requires C. 567; H, 43%); 
acetic acid 


; sires C, 56-0; H, 48; N, #2%) t-bromo-2-mitro-, white needles’ (from 
(Fow C, 43-9; H, 29. CH yO NBS requires C, 4-bromo- 
trom alcohol), m. p. 184° (Found”’ C’4i7; H. 38. C NBr5 requires C, 47-9; 
hace comics Gabe) TC SOR oie Ste we ‘ound: C, 49-0; H, #1, 
BrS requires C, 400; H, 38%) white (from alcohol), 

GO Pound C, 6-2; H, #2; x. £9. asst NBs requires C, 50-3; H, 4-2; N, 37%). 
2-Acetomethylamido-4’ “5 1” Ethyl ( (+)- Tartrate. —Solutions of 
saa Satie! 3-4 cetmathylard 4” mathyiaipon! Suiphome i for several hours, and the 
Seeveere® Sy gomsiptietion wi ootee. In each case Eccecani aneeeil oanenthater 
(IV; X = H) (2 g.) was crystallised from ethyl (+)-tartrate 
separated and the cnebenied = remaining in the mother-liquors were 

inactive in chloroform solution 

4-Nutro-2 dod ees Sulphide —2-Chioro-5-nitro- N-methylacetanilide was 
condensed with the sulphide formed dull yellow | or ~ m. p. 157° from alcohol, 











(Found: C, 668; mp aavien ONS apie C, 60-8; H, 51%). Oxidation with hydrogen 
the valphome, whi 


in acetic acid gave telets (from alcohol). m. p. 171° (Found: C, 55-3; 
5 al ag 25 requires C, 55-2; i ee The latter compound was crystallised trom ethyi 
h the crystals and the material recovered from the mother- -liquors were optically 

pa 

Methyi 2-Chloro-N -bensoyl-6' -methyldiphenylamine-2’-carborylate (prisms, mp. 169°) in Asymmetric 

~—(a) Ethyl (4-)-tertrate, The com md (3 «.) Re crystallised from ethyl (+)- — 
Crystals: 11022 g. io Le c. ofc oform bad a” —0-11°, ye Tising to zero, half-life period - 
Precipitate 4633 in 15 ¢.c. of chloroform had a” -0-27°, rising to zero, half- lite 
period = 8 minutes. A ‘ohetion of the compound (2 g.) in ethy! (+)-tartrate (30 ¢.c.) was kept for 
several hours, and the solute ay by addition of water ; 1-0899 g. in 15 c.c. of chloroform had 
a™ 0-32", ri to zero, half-life period — 8 minutes. 

(b) Bthy! (-—)}-tertrate. The compound (3 ¢.) was recrystallised from ethyl (—)-tartrate (8 c.c.). 
Crystals; 1-322 g. in 15 c.c. of chloroform had «™ 46-14", falling to zero in 30 minutes. Precipitate : 
insufficient for examination 

Methyl 4° 6 Dichloro N-bensoyldiphenylamine- 2 carboxylate A gms m. p. 119°) in one  +)- 
Tartrate —The compound 3 £) was crystallised {rom ethyl! ‘tartrate (®c.c.). Crystals: 
in 15 ¢.c. of chloroform — 0-08", rising to zero, fife period = 5 minutes Precip tate. 
@-57 g. in 15 ¢.c. of chloroform had «” —0-09", rising to zero. A solution of the compound ( 
ethyl! (+-)-tartrate (20 cc.) was 13 for 24 hours, and the solute precipitated with water; 1-55 g. in 
15 cc. of chloroform m had «” —e rising to zero 





N-o Cb. mine o-carbomethorypheny! ether prisms (from methanol), 89° (Found : 
Cc, 686. H, 44. Cuil ONCh wires C, 68-9; H, 4-4%), and methyl 2-chloro-N- Rod henylamine- 
2 cartorylate, prisms, m. p. 123° (Found: C, 689; H, #5. Cy,H,,0,NCI requires C, 68-6; H, 44%), 


baat ahr Choro ¥- -benroyldiphenylamine-2° carboxylate im Ethyl (4-)-Tartrate.-The compound 
a lised from ethy! (+)-tartrate {10 ¢.c.). The crystals were optically inactive. Pre- 
Shon , g. in 15 cc. of chloroform had a"? —0-13°, rising to zero, half-life le period = 15 minutes. 





prepaid ass gin lO 8 of chrom ere ro + naan ne angered 


o— = in 15 cc, of 
Yoyo Ty esis ca 211° Sin chloroform) whieh 
tak seceptrty fom tow So. Pertone 


dns 
son aaa « d mt chloroform), 
° le 
rl 
ye res O58 
ety “a ews 


a an. 
(60 taining sodium (5-1 g.) and alkylated with har a 
Ecce tage wali beatin te Wie (Poued : c, a1 


, 
acetate (200 cc.) gave 7g. of salt with (al™ — 121° 
+ f the brucine salt with 
dilute hydrochloric acid had («)” S* (¢, i ) vl eter, obtained by exterifcation 
with excess of diazomethane, had («)” 429-8° (c, 4 in methanol), and, after 48 hours’ refluxing in 
methanol, [a]” +31-8° (¢, 2S oa The ester formed prisms, m. p. 110° (Found : Cc, 0; H, 
5-7. Cosbtot requires C, H, 5-8%). 

Rettelicten 2 of (+)- > Rn ddiertecinb cnbeniite Acid —A of the acid, fa)” +4-85", 
was heated at 100° for 33 hours with excess of sodium 
penn op 2 in chloroform) Oa 
rystals were found to be opticall cote Sontive & 28 
ar le ldeonybensoin-2-carbo. 
Mr oe (+)-tartrate (9 c.c.) 
Laity tnastine (c, 8 in chloroform). 

_— was prepared by Schmidt's method (Ber., 1001, 34, 3540). From 30 ¢. 
of svene were beained 12 g. of the higher-melting isomer, m. p. 235", and 7 g. of the lower-melting 
isomer, m -146" 

aa’ _Dinlvodibensy! in Ethyl (+)-Tartrate-—(a) High-melting isomer. This eomnpeand (3 g) was 
scoryutaiiiont from ethyl (+)-tartrate (45 c.c.), some nitrogen dioxide being evolved. Crystals 
0-0467 g. in 15 c.c. of uitschanaune 2a 2° OGM, duten ty sate tn on beer. this experiment 
was repeated with 3 g. of the solute in 60 ¢.c. of ester, care being taken to avoid ition, no 
optical activity was detected in the crystals even when crystallisation was slow (solution kept in a bath 
water slowly cooled from 84° to room tem: ture). 
(b) Low-melting isomer. The compound (2 g.) Se tavepetititen’ teusk “etal (+)-tartrate (10 cc.) 
below 140° ee ee ee both the c and the material 
recovered from the mother-liquors were optically tive and melted at 147°. 


We wish to thank Mr. J. M. L. Cameron and Miss R. H. Kennaway who carried out the micro- 
analyses, also the Department of Scientific and Industrial Research for a maintenance grant to one of 
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99. The Reaction between Amines and 1-Chloro-2 : 4-dinitrobenzene. 


By O. L, Baapy and F. R. Cropper. 
The reaction of a number of 





t amines which is related to their basic 
1. not directly strength ; 


jn anene than $6,000 tintes that for dlicopresytecaios 
thous the latter is the stronger base 


Evidence is adduced that a steric effect plays an important part in determining the rate 
constant. 


Tue reaction between primary and secondary amines and 1-chloro-2 : 4-dinitrobenzene 
2NHRR’ + CoH CUNO), —>C,H,(NOyyNRR’ + NH,RR'CI 

produces only the substituted dinitroaniline and amine hydrochloride. The dinitropheny!- 

alkylamine or dinitrophenyidialylamine does not react further with the chlorodinitrobenzene, 
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and the hydrolysis or alcoholysis of the last-named compound is not appreciable. The reaction, 
therefore, has advantages for the study of the reactivity of amines. 

A concentration of amine twice that of the chlorodinitrobenzene being used, the reaction, 
in alcohol, was found to be of the second order, and good rate constants (4,) were obtained for a!! 
amines used except those which reacted very slowly. 

The simplest method of representing the reaction is as a heterolytic, nucleophilic one of type 
(b) in Ingold’s classification of the mechanisms of substitution at a saturated carbon atom (1) 
(Hughes, Trans. Faraday Soc., 1941, 37, 604), followed by loss of proton from the first product 
to a second molecnle of amine. 


an ima: aS - 
No Cl + NR —> NO, —» wo >Sean+& . @ 


NO, : NO, 


: = -£ : Sin” -2 
NOC BRM + NR —> NOp< NR, + HCNR,H. 
NO, NOy 
Since the dinitrophenyldialkylamines are very weak bases the rate-determining reaction will 
be (1). 
Possible secondary reactions are the following: 


NHR, + HORt == &n,r, + Ser 


Co) 
(NO),C H.C] + ORt ——»> (NO), HyOEt + & 


(NO),C MyORt + NHR, —» (NO),CJHyNR, + HOEt 


Although alkoxy! ions act readily on 1-chloro-2 : 4-dinitrobenzene (Holleman and ter Weel, 
Rec. Trav. chim., 1915, 35, 1), their concentration under the conditions used cannot be sufficiently 
high for interference except in the cases of very slow-acting, fairly strongly basic amines such as 
tert.-butylamine or diisopropylamine (see Table I) since with a concentration of triethylamine 
(Ky =~ @4 = 10° some twenty times that of the amine used in the study of the second-order 
reaction the liberation of chloride jon is exceedingly slow. 
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A, B, C, Comes. of NH Me D. Comen. of NEt, added to 0-64~-NH Me. 


When the concentration of amine was far greater than that of the chlorodinitrobenzene the 
reaction became one of the first order or pseudo-unimolecular. The plot of the rate constant 
against concentration of amine is, however, not linear, the rate constant increasing more rapidly 
at higher concentrations of amines. The figure shows the plot of A} against concentration of 
methylamine (4), the concentration of chlorodi ne being 0-320n., and of &,’ calculated 
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from the second-order rate constant A} by putting b, the concentration of methylamine, equal 
to unity (B). 

Above 0°4x-methylamine the difference between the observed rate constant 4, and the 
extrapolated value 4,’ is proportional to the excess of methylamine over 04x. Curve C shows 
the plot of A, — 4,’ against concentrations of methylamine. One would expect this 
proportionality not to hold for concentrations of methylamine much below @-4n., since this 
represents only six times the equivalent concentration of amine (0°0658~N.) for the chiorodi- 
nitrobenzene, and the assumption necessary for using first-order kinctics is becoming of doubtful 
validity. 

Triethylamine, which dces not react to an appreciable extent with chlorodinitrobenzene 
under the conditions of experiment, also increases the rate constant when added to a reaction 
mixture containing 0°64n-methylamine, and the increase in the rate constant (4, — 4,) is 
proportional to the concentration of triethylamine. Curve D shows (4, — 4,)/(cancn. of NEt,). 

It is clear, therefore, that the velocity is influenced by a proton acceptor. Since the dinitro- 
phenylalkylamines are very weak bases whose salts are practically completely hydrolysed in 
aqueous or alcoholic solution, reaction (2) is probably extremely rapid and we have to look 
elsewhere for the influence of the proton acceptor. 

In the intermediate stage of (1) the presence of a proton acceptor will increase the electron 
availability of the nitrogen and facilitate its attachment to the carbon with the accompanying 
extrusion of the chloride ion : 


<I crt 


, K 
(NO), .H, 7 +iNHR, —> wiry (NO) CHS _> (NOCHE: a 3) 
H 


“tH 
if 

This effect will be appreciable, probably, only when the concentration of amine is relatively 
high as in the pseudo-unimolecular reaction. 

If the mechanism suggested for the bimolecular reaction be correct, the rate constant should 
depend upon the electron-availability at the nitrogen of the reacting amine, and electron-donating 
groups therein should increase the rate constant, which one would expect to bear a direct relation 
to the dissociation constants of the amine. The bimolecular rate constants (A}*) of the interaction 
between a number of amines with 1-chloro-2 : 4-dinitrobenzene in alcohol at 25° have been 
obtained by measuring the rate of liberation of chloride ion ; the results are given in Table I, 
Col. 3. 

The experimental part of this work was completed in 1935 and it was not until the results for 
the second-order reaction had been practically completed that it was discovered that Blanksma 
and Schreinemakers (Rec. Trav. chim., 1933, 52, 498) had published the rate constants for the 
reaction between 1-chloro-2 : 4-dinitrobenzene and a number of amines also in alcohol at 25° as 
measured by the rate of disappearance of amine. These are given in Table I, Col. 2, calculated 
to sec." from Blanksma and Schreinemakers’s figures to min.-'. Where the same amines were 
employed the results in Col. 2 and Col. 3 were obtained by different methods quite independently 
and the agreement in most cases is close. Even where there are appreciable discrepancies, ¢.g., 
for piperidine, it does not affect the order of reactivity of the amines. 

From a consideration of these results certain peculiarities are at once apparent. First, 
although the replacement of hydrogen by methyl, with the corresponding increase in basicity 
of the amine, leads to an increase in the rate constant (4, x 10¢, NH, =~ 0°04, NH,Me = 31°6, 
NHMe, = 355), yet in other cases the rate constants bear no obvious relation to the dissociation 
constants (K,) of the amines. [The dissociation constants taken from the literature and given 
in Table I are for aqueous solutions, but it has been shown that their relative order is unchanged 
in passing from water to alcohol although their magnitude is greatly reduced (Goodhue 
and Hixon, J. Amer. Chem. Soc., 1934, 56, 1329).} 

Secondly, one notices the high rate constant for methylamine (A, x 10 — 31°6) compared 
with ethylamine (4, x 10* = 91), for dimethylamine (4, x 10* = 355) compared with diethy!- 
amine (A, x 10* = 19), and for piperidine (A, x 10* = 153) compared with ethyl-n-propylamine 
(ky X 10* = 1°7) and a-pipecoline (A, x 10° = 0-22). 

Thirdly, whereas the rate constant for dimethylamine is about ten times that for methylamine, 
the rate constant for diethylamine is about one-fifth of that for ethylamine, and that for 
di:sopropylamine about one-hundredth of that for isopropylamine. 
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sec.-Batylamine 
Dissobutylamine 


Ethylisopropylamine 0-18-0033 
Ammonia ..... O04 

tert -Butylamine 0-038 

Diisepropyiamine .... 0-011 —0-007 
aa Lupetidine 0-01 1—0-006 
Tetrahydroquinoline 0-068 —0-004 
Tetrahydroquinaldine . —~ 0-004-—0-002 


* Negative log of hydrolysis constant (Hall and Sprinkle, /, Amer. Chem. Soc., 1932, 54, 3469). 


Fourthly, branching of the chain of the alky! radical at the first carbon atom greatly reduces 
the rate constant (4, x 10, n-propylamine = 96, tsopropylamine = 10; »-batylamine = 10°0, 
sec.-butylamine « 092, fert.-butylamine « 0-038), but there is much less difference between 
»-butylamine (4, x 10* — 10°0 and isobutylamine (4, x 10* « 6-8). 

In the light of these results it seems that the arrangement in space of the atoms of the alkyl 
groupe in the amines plays an important part in determining their reactivity towards 
chiorodinitrobenzene. 

Li one considers the stereochemistry of methylamine and ethylamine it will be seen that, 
whereas in methylamine and dimethylamine (1) there is at all times ample room for the approach 
of the large chlorodinitrobenzene molecule to the exposed part of the nitrogen atom, yet in the 
case of ethylamine, if there is free rotation about the carbon—nitrogen bond, at some time the 
methyl group can interfere with the approach of the chlorodinitrobenzene (115). With diethyl- 
amine the time during which this steric hindrance will be effective will be greater (I11+, IIc). 


Hg. H 


H 
HO 4 


nt Hon 
én \ 
Hi N cH, H,C’ 
(b) 
(ill 


Some of the poosibilities with higher alkyl groups are shown in (I\ 
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Branching at the first carbon atom of the alkyl chaip will increase the time daring which 
steric hindrance is effective; in isopropylamine (V) the time at which a methyl will exert a 
steric hindrance will be twice that in ethylamine, whilst in tert.-butylamine (VI) a methyl group 
will at all times interfere. 


. Ait, 
BY” 
a’ “a 
wv 


The effect of two isopropyl groups would be greater than that of one. The methyl in the 
isobutyl group would not have the same effect (VII), and isobutylamine might be expected to 
show similar results to n-butylamine. 


Since the basicity of the amine depends on the position of the equilibrium 
« 
+ H = NH,R, it would not be affected by steric influences. 
rate constants are all in agreement with the above views. 


Confirmation is afforded by a consideration of ethyl-n-propylamine (VIII), piperidine (TX), 
pipecoline (X), and lupetidine (X1). 


CH, ee 


no’ “CH, Ht r ee Onn 
nd dn HA. 4 Au ~~ 


“OH, H o, 
ux) (X.) (XI) 


In the first case the rate constant is low (A, x 10* — 1°7) and of the order of that for diethyl- 
amine, since at some time a steric effect can be exerted; when the carbon atoms take part in 
ring formation the state of affairs shown in (VIII) cannot occur and the rate constant for 
piperidine (A, x 10 = 158) is of the same order as that of dimethylamine ; the introduction of a 
permanently hindering methy! group results in a greatly reduced rate constant for «- 

(h, < 10¢ = O22). Lelimann (Ber., 1890, 23, 1388; 1891, 24, 2104) observed qualitatively the 
abnormally slow rate of reaction of a-pipecoline with 1-chloro-2 : 4-dinitrobenzene 

ite Sine <b eipelilies <0 OOS ee eee 
Finally, the rate constant for ea-lupetidine, where there are two permanently hindering methy! 
groups, is so low (hk, x 10 = 0O11—0006) as to prevent accurate measurement at the 
temperature employed for the other amines. 

The foregoing explanation has been. put forward on the assumption that perfectly free 

bond, but the study of the Raman spectra of, ¢.g., 


j preferentially 

; it might certainly be so if the polarity of the C-H bond in the sikylamines is in the 
direction €-Ti but, as stated by Gent (Quart. Reviews, 1948, 2, 381), knowledge of the polarity of 
the C~H bond in various situations is still smail, so it would be unprofitable to speculate in this 
direction. 

The rate constants for the bimolecular reaction between chlorodimitrobenzene and methy!- 
amine and dimethylamine have been determined at 25°, 30°, 36°, and 40°, and it was found thet 
the plot of log & against 1/T was, in both cases, a straight line, so it was assumed that the 
Arrhenius equation held for the interaction of the other amines with chlorodinitrobenzene. The 
energies of activation and collision frequencies are given in Table II. With the exception of 
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thase for methylamine and dimethylamine, the results are probably not very accurate, as 
measurements were made at only two temperatures. 


Tasiz Il. 
Amine E.cals B x 10, sec Amine 
17 Ethyipropylamine ... 
47 Di-w-butylamine. 
: sec.-Butylamine . 
Diussobutylamine 
Butylamine iso Butylamine 
Diethylamine . ssoPropylamine 


The energies of activation are low and rise with the decline in the rate constant, but 
tsobutylamine and to a smaller degree isopropylamine are exceptions. 


EXPRRIMENTAL. 
Materials.-The amines were mostly purchased and purified by careful fractionation; methylamine, 
ethylamine, and dimethylamine were purified by recrystallisation of their hydrochlorides . bases 
hyd. de, dried by passing through tubes packed with 





’ ine by hea lamine with »-propy! chloride in a 

autoclave at | the oil liberated by alkali; the fraction, b. p 
6486", was used. tay Sa res gage was 1 similarly by using isopropyl bromide at 120— 
160° for 120 hours, the traction of b. p. 70-74" being used. fert.-Butylamine was vared by the 
Hofmann reaction on pivalamide and purified through the hydrochloride and by distillation, the fraction, 
b. p. 46-46", being used. «-Pipecoline, aa-lupetidine, and tetrahydroquinaldine were prepared by 
reduction of «a picoline, ee-tutidine, and quinaldine; «-pipecoline was purified through the thio- 
carbamate (Ladenberg, Annalen, 1888, 967. and collected at 199°; aa-lupetidine was purified through 
its hydrochloride and collected at 127°; tetrahy uinaldine was pu by the method of Pope and 
Peachey (/., 1890, 76, 1089) and collected at 154°/43 mm. 

The i-chloro-2 : 4-dinitrobenzene was crystallised from benzene. No attempt was made to employ 
alcohol completely free from water owing to the difficulty in preventing absorption of small quantities 
of water during the experiments. It was thought that changes in velocity would be greater as the 
alcohol approached purity, #0 one batch was employed for all experiments; this had a density of 0-785 
at 25°, corresponding to 99%, of alcohol 

Procedure.—The amine was dissolved in alcohol, and the strength and the concentration checked by 
titration with acid. Solutions of I-chloro-2 : 4-dinitrobenzene were prepared by dissolving a weighed 
quantity in alcohol and dilution to the correct volume. The concentrations of chlorodinitrobenzene at 
time 0 were @0320N. of O-0148n , obtained by using 25 cc. of 0-086n- or 0-0444n-chlorodinitrobenzene 
The concentrations of the amines at time 0 were 0-0654n. or 0-0206n., obtained by using 50 c.c. of 
0-0986n of 0-0444nN-amine. In these cases the concentration of amine was twice that of the chiorodi- 
nitrobenzene, Where excess of amine was used the concentrations varied from 0-2n. to 1-bn., obtained 
by using 50 c.c, of 0-3n- to 2n-amine 

Io carrying out the reaction, }) c.c. of the amine solution at 25° were mixed with 25 ¢.c. of the 
chiorodinitrobenzene solution, also at 25°, and the mixture was kept in a closed vessel in a thermostat 
At known iotervals 10 cc. of the reaction mixture were removed with a pipette and run into a mixture of 
5 «.c, of nitric acid and 25 c.c. of 0-01 7n-silver nitrate in a 100-c.c. measuring flask. The volume was 
made up to 100 c.c. with water, the whole filtered, and 50 c.c. of the filtrate were titrated with a standard 
solution of potassium thiocyanate, ferric alum being used as indicator 

For tetrahydroquinoline and tetrahydroquinaldine the above method could not be used owing to the 
formation of an intense red colour with ferric alum and nitric acid, so the excess of silver nitrate was 
titrated with potassium todude, starch nitrite indicator being used 


Results. 


The Bimolecular Reaction.--Figures are given below for the bimolecular reaction, in some detail for 
methylamine, dimethylamine, and ethylamuine, to indicate the agreement between the values found, and 
in summarised form for the other amines (Table III). In each case samples were taken at five or six time 
intervals and the variation in the constant was small in the more rapid reactions. In the very slow 
reactions, ¢.¢., tert.-butylamine, the constant diminished with time, and greater detail is given of this 
determination as an example 

Since two moles of amine to one of chlorodinitrobenzene were used and two moles of amine react with 
ene mole of chioredinitrobenzene, if «4 —« concn. of chlorodinitrobenzene, 24 — concn. of amine then 
ds/di = Ayla s)(2e 2s) 24,(4 -- «)* @ Kla s)*; hence K = s fala x), where K = 2h, 


Meth yiamune 
0-0658~s-NH Me, 0-0320n-C,H,CI(NO,),; 25°; in 99% alcohol 


630 1800 Sem 400 

13-56 27-7 43.83 39 

NO 32.45 1 5 
50% Decompn. at 4620 secs. Average 4, « 33-6 x 10* sec. 
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0-0296n-NH,Me, 0-0148s-C,H,CUNO,),; 25°; in 994 alcohol. 
3150 
22-2 31-2 
do-6 
50% Decompn. at 10,620 secs. A = S11 & 10°* seo", 
+ Ta = 2-3; ratio of concentrations /0-0148 — 2-22. 
average of four determinations gave A, = 31-6 x 10~¢* sec.* 


6-0658x-NH Me, 6-0329x-C,H,Cl(NO,,, in 99% alcohol. 
At 30° At 35° 
Time, Decompn., 
secs % Ay 
goo 20-7 
1800 33-76 
soou 464) 
4200 54-88 
5400 60-36 
7380 67-96 


Average 


: 


& SRESSs » 


Average = 58-9 
Dimethylamine 
0-0658N-NHMe,, 0-0320N-C,H,CI(NOJ,; 25°; in 99% alcohol, 
240 Ju 600 
35-23 45-67 56-72 
345 355 360 
50% Decompn. at 435 secs. Average 4, — 359 x 10°* sec.'. 


0020n-NHMe,, 0-0148»-C ,H,CI(NO,),; 25°; 
Time, secs . 
Decompn., % 
A, x 1O* 
50% Decompn. at 975 secs. Average 4, — 351 « 10° soc. 
Ratio 4,/t'5 = 2-24; ratio of concentrations « 2-22. 


0-0658N-NHMe,, 0-0329~-C,H,CI(NO,),, in 99% alcohol 
At 30 


Decompn., 
a hy . 


Ethylamine. 
0-0658N-NH,Et, 0-0329n-C,H,CI(NO,), ; 
Time, secs 
Decom ~% 
hy x ibe 


50% Decompn. at 12,620 secs. Average A, = 01 x 10°* sec". 


0-0296n-NH,Et, 0-0148"-C,H,CI(NO,),; 25°; in 99% alcohol. 
, 6x85 
160 
93 
50% Decompn. at 36,600 secs. Average 4, ~ 92 x 10° sec, 
Ratio 4/t’5 = 2-20; ratio of concentrations « 2-22, 


0-0658~-NH,Et, 0-0320"-C,H,CI(NO,),: 35°; in 99% alcobol. 


4500 6770 
344 47-33 
174 174 
Average A, = 17-4 = 10™* sec, 


Ata. 
Decompn., 

o 

“a 
31-66 
45-16 
ies | 
55-31 
78 
65.38 


x 10. 
78-2 
77:3 
78-7 
784 
77-48 
783 


Average 76:1 
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tert Busylamene. 
002060 -NH, But, 0-01488-C HCUNO,,; 25°; in 09% alcohol. 
Time, hours , 552-7 
; 192 
| 
Average 4, ~ 00038 = 10”? sec 
Time, hours . 165-8 
»% %-27 16-43 
Ay xt cove 0-005 1 0048 


Average 4, ~ 60061 © 10° sec 


Diiaoprof ylamine. 

00668n-NHPrt,, 0-:03920~-C,H,CI(INO,),; 25°; in 99% alcohol 
Time, mins 15,880 30,223 67,940 85,117 
I pa., % 686 11-46 17-00 19-76 
Ay x O-O12 ool! 0-0078 0-0073 


| upetrdime 
0-0654n-Lupetidine, 0-0329~-C,H,CUNO,),; 25°; in 99% alcohol 
Time, mins 5. 34,537 70,629 
Decompn , % : 12-86 18-73 32-15 
A, « 108 eo @-0082 00072 0-0063 


In the case of amines which react less rapidly than ammonia, ¢.¢., fert.-butylamine, diisopropy!- 
amine, and lupetidine (cf. above), there is a fall in the rate constant, rapid at first but then much slower. 
Probably these amines contain smal] amounts of more reactive amines which are removed in the first 
period of the reaction. With these very slowly reacting amines very small quantities of impurities 
would have a large effect in the first stage. 

The Pieudo-wnimotecular Reaction — The results btained are summarised in Table IV 

7 of Triethylamine —With 0-0320N-c linitrob ne and n-triethylamine in aleohol at 

* less than 2% of chioride ion was liberated after 6180 sccs., and ke less than 10% after 1,737,000 sees 

the results of addition of triethylamine in the first-order reaction are summarised in Table Vv. 








Taste II. 
0-0658N-Amine, 0-0329N-C,HC1(NO,), in 99% alcoho! 
Temp. « 25° 35°. Average values 
Ay x 10+, 
Time, wo, , 
Amine secs. x 1% eatremes : extremes. 
n- Propylamine 306—7,418 
»- Butylamine 160—3,543 , ; 19-5 
n- Heptylamine 408 3 804 
Inethylamine 1,575.17, 340 . 9,426 
Di-w-propylamine 1,620---43,634 —|- 
Di-w Seay amine 1, 746-28, 182 i ~—10,974 
Ethyl-# propyt- 1884-34 560 ,155—19.380 
amine 
tsoButylamine 360— 11,320 1,700 
tscPropylamine 1,020—42,072 . Jj ~17, 688 
sec -Butylamine 2.826— 60,546 ’ 7 2,826-—17,022 
Diussobutylamine 630—61,020 6 —O- 26,710 
Miperidine 42-219 
‘pecoline 4,291 min — &2)-—025 
44.673 
Ammonia 4.000 min O37 046 
leo due 
Ethylisopropy! 6,140 min — 0014-00032 * 
asaine 105,066 
4,266 min 0-019-—0-0031 * 
126,780 
Tetrahydroquin 3.012 min 0-068 0-006 * 
oline 100,657 
a 17,140 min — ©0210-0065 ° 
161,517 
Tetrahydroquin- 23,061 min-— 0004--0-002 ° 
aldine 110,654 


* In these cases there was a progressive fall of A, with time. 


a” 


- 








of 
a, x 16. 
15-4—16-5 
25-3—263 
0 -35-9 
58-2628 
613-69) 
lo-3—10-8 
20-1—21-1 
596-645 
7-51 —7-85 
9-07 —9 35 
615-—3,270 7087-24 
3302.80 908 9-84 
375-1, 800 9-62--9-92 
»-Heptylamine ........ ‘ _ ; 330 2,430 9-539 72 
Dimethylamine .... vatheows ; 64-190 77—191 
57—180 206-218 
@)— 180 252-260 
Diethylamine : 1,935-—— 18,300 0-99 1-05 
1,935.17, 280 1-21—1-28 
Di-#-propylamine 1,575——39,060 0-53 —0-55 
1 440-21, 300 1-02—1-404 
Di-n-butylamive ; 4.500-—18,630 0-76—4- 82 
2,835.24, 672 0-92-—0-98 
b-bl—1-18 
Ethyl-»-propylamine 37 . 15, 0-67-—0-T1 
0-80 4-89 


isoButylamine 


104-111 


tsoPropylamine .. ; 1,615-—19,110 0-86 —0-93 
3,426-—15,666 1-36-—-1-45 

sec.-Butylamine . - 5,220—40,0.) 042-045 
9,000-—25, 200 0-50-52 

Dissobutylamine 0-520 3,300-—37 800 0-33-—0-35 
0 65y 2,703 —34,260 O+4—0- 46 


Methylamine . 180-—1,020 25-0—26-4 
126 636 36-5 —384) 
6 — 360 62-0—79-5 

* Approximate, as the reaction is too fast at 25° for satislactory measurements 


Taste V. 
0-0320n-C,H.CUNO,,; 25°; in 99% alcohol. 

Coenen. of Concn. of Extremes of 

Amune amine, N NEt,. , . a, x 10 
Methylamine 0-64 28-2—29-6 
wo 30-8 —31-8 

363-405 
383— 43-2 
440 460 
56-3593 
13-7—13-9 
10-1—10-8 
10-7—10-8 
256 —275 


144—1-85 
0-66 —0 69 
1-13—1-16 
9-65—10-8 
1-85—1-06 
0-51—0-53 
0-082 —0-099 


SE EL 


| 
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es of dinitroaniline have in the course of the work. The residual 
penne Aa ing 1m 

on crystallisation from 
vie" (Pound : Cc, #0; H, 
‘and diisopropylamine 





rystallised 
27° (Found: C, 530; H,@2. C,,H,,0,N, 
» 1906, 25. 109, 113) tailed to obtain com: 

- (100 ©. of ath aad chbeedatecbonsene (75 c.c. of »/10) 
for 14 days The solution was evaporated to small bulk and the solid which 
tion trom gave orange-red crystals of N-a-pipecolyl-2  4-dimstroaniline, 
ON, requires C, 541; _* , nee PS, 

solutions of tetrahydroquinoline ( cc. of w.) 
were heated to 100° and kept for two days, evaporated to 
from alcohol-benzene, N tctrahydroquemolyl-2 : 4 
was ined po re crystals, m. p. 156-6", which became red on exposure to light 

06; BH, 44. CHO, requires C, 60:2; H, 44%) 
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100. Jnorganic Chromatography on Cellulose. Part I1*. The Separ- 
ation and Detection of Metals and Acid Radicals on Strips of Absorbent 


Paper. 
By F. H. Burstatt, G. R. Davins, R. P. Linsreap, and R. A. Wetts. 


A method for the separation and detection of a number of metallic ions and acid radicals by 
extraction with organic solvent mixtures on strips or sheets of absorbent paper is described 
Detection ts accomplished by wy ae the strip or sheet of paper with a solution containing 
suitable reagents, the individual metals or acid radicals is then made visible as 
characteristic coloured bands. The following groups of ions have been separated (R.E. = 
rare earths) 

f) a) th.) 
R.E* Se0" Li’ 
Se** TreO,* Na* 
Th* K° 


The ratio of the distances moved by the ion to that moved by the solvent (A, value) has been 
determined in a number of cases. The significance of these measurements is discussed 


We have already given a preliminary account of the separation of inorganic salts by the 
technique of paper chromatography employing organic solvents (Report of the Chemistry 
Research Board 1947, H.M.S.O.; Arden, Burstall, Davies, Lewis, and Linstead, Naturz, 1948, 
162, 691; Burstall, Davies, Linstead, and Wells, ibid., 1949, 163, 64; Linstead, idid., p. 598) 
‘(Y>servations made in other laboratories have also recently been described (Lederer, Nature, 
1948, 163, 776; Pollard, McOmie, and Elbeih, ibid., 1049, 163, 202; Lederer, idid., p. 598; 
Lacourt, Sommereyns, Degeyndt, Baruh, and Gillard, idid., p. 990; Lederer, Anal. Chim. Acta, 
1048, 3, 476; idem, Science, 1949, 10, 115; Osborne and Jewsbury, Nature, 1949, 164, 443). 
The following account provides a more detailed description of the qualitative separations 
carried out in this laboratory; quantitative separations will be the subject of a further paper. 
Methods of separating the metals constituting the ordinary qualitative analytical groups are 
described and the isolation of the constituents of mixtures containing some of the less common 
metals is also included. A few separations of anions have also been achieved. In some 
cases a particular separation has been extensively studied as to repeatability and interference 


* Part I is regarded as the paper by Arden, Burstall, and Linstead (/., 1949, S 311) 
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by various factors (see, ¢.g., Part I, Joc. cit.); in others the method is at a much earlier stage of 
it. 


metals from one another, of scandium from the rare earths and thorium, and of calcium, 
The technique is particularly useful in the separation and detection of groups of elements 

obtained by some suitable pretreatment of a complex mixture. The well-known analytical 

groups form a useful division of this kind; the 

further separation and detection of the elementy in ~~ 

these groups can then be conveniently carried out 

by the methods now described. 





QW 
system of qualitative chemical analysis jaa 
developed on the basis of this new technique. 
method is capable of giving good results in the 
hands of relatively inexperienced chemists. Separ- 
ations, simple and easy to carry out, include Group 
Ila (Pb, Cu, Bi, Cd, and Hg), Group IITb (Co, Ni, 
Mn, and Zn), the platinum metals and gold. More 
difficult separations are found in Group IIb (As, Sb, 
and Sn) and Group IV (Ca, Sr, and Ba). In routine 
operations such as are employed extensively in 
industry, the method should be particularly valu- 
able since the conditions can be arranged to cover 
a particular series of metals or acid radicals and the 
procedure does not require continuous attention by 
a chemist. 























EXPERIMENTAL. 


Nearly all the experiments described in this 
were carried out on strips by a procedure 
resembles, in pocbed g oA employed in similar organic 
work (Consden, Gordon, and Martin, Biochem. J, 1944, 
38,224). In view of the general interest of the method 
in the inorganic field, we give below a ion of the 
technique which has been found most sa over 
the past 4 years. The apparatus (Fig. 1) consists of a 
tall glass gas-jar closed with a tight fitting cork or a 
rubber bung which carries a glass rod to which is 
attached a glass boat. The boat is suspended about an 
inch below the bottom of the cork and serves as the con- 














side arms are fused to the glass rod above the solvent container and these act as supports for a pair of 
paper strips, one strip being shown in position in the figure. In order to saturate the atmosphere in the 
cylinder with respect to the solvent, a layer of the latter is kept at the bottom of the cylinder. In some 
cases it is also necessary to control the amount of water vapour or acid in the atmosphere and for this 
purpose a beaker containing water, saturated salt solution, or aq acid saturated with solvent 
is placed on the bottom of the jar. It is advantageous also to maintain fairly constant temperature 
conditions, and in some cases the whole apparatus is kept in a thermostatically controlled (4 1°) cabinet 








st is substantially the same as in the 











or 
ith D. B. Rees Evans.) Recommended 
is »-butyl alcohol saturated with 


yi alcohol or larger amounts of methyl alcohol. Better 
th, cadmium, 
amy! alcohol saturated with aq hydrochloric 
on the concentration of the aqucous aciki used (Fig. 5). 
3~x-hydrochioric acid was found to give the most efficient separation. 
and 3n-hydrochloric acid, the top la 


showed 

separa’ to dry in air for one hour. 

of a wet spot gave wider bands and a more movement of solvent down the strip but did not much 
affect the Ry values of the five metals. solvent was allowed to flow for 15-18 hours in an 
at here saturated with respect to both organic solvent and phases. After eva tion of 
the solvent, the strip was sprayed with a solution of dithizone in c . Mercury was ed as 
a pink band behind the solvent front and was followed by cadmium asa purple band. Although cadmium 
and mercury were not in the solvent front and each metal was ated from the other, both bands had 
sharp leading and trailing edges with a width less than that of original spot. Bismuth ed as 
a purple, and copper as a purplish-brown band. Lead, which gives only a weak colour with dithizone, 
was detected by spraying the top portion of the strip with an aqueous solution of rhodizonic acid; a 
bright blue band due to lead then appeared just below the copper. 

A umber of different effects was noted on varying the concentration of the acid with which the 
batyl alcohol was saturated. As the acidity was decreased, e) the bands of all five metals became more 
diffuse (this effect was most marked with bismuth), (5) the Ry value of each cation decreased but to a 
different extent for cach metal. This resulted in a better separation of cadmium and mercury which 
was partly counteracted by an increase in band width and a decrease in the degree of separation of 
x rand lead. No complete separation of copper and lead was achieved, even after 18 hours, when 
aced of strength less than 3x. was used. A series of Ry values obtained by using different aciditiecs is 
shown in Table 1. For the purpose of these measurements an Ry value is taken as the ratio of the 
distance moved by the “ centre of gravity “ of a band to the distance moved by the solvent. 





Tass I. 
Variations in Ry values awth change in acid concentrations. 


Wet solvent 
Solvent : . Bi. Ca. front , 
with H,O ’ 0-50, 0-49 060,062 665,066 6-73, 0-74 
with In-HCl . 12, 0-55, 0-52 0-66, 0-63 0-70, 0-68 0-76, 0-78 
. with 2n- HCl “15, 0 “17, ® 0-57, 0-54 0-69, 0-66 0-72, 0-69 0-76, 0-76 
. with 3n-HCl 30, 7 0-60, 0-58 0-77, 0-77 0-79, 0-79 0-81, 0-81 


Two solvent phases exist on ¢ per siete, On apes onan Se SE See popes encase 

water and below that a region of t yhen solvent contained bx yvdrochloric acid and 

water the upper wet phase was strongly . but the lower dry was almost free from acid. The 

was detected unt: + nme ay sp with a suitable 

dithizone or diphenylicarbazide solution a band of what appeared 

miom band. A similar band was obtained when a 

the position of the wet solvent boundary. The 

tified but appears to be organic rather than inorganic 

copper and iron normally found in cellulose. The 

position of the wet solvent fron ad by taking advantage of the difference in acidity of the 

two phases and spraying the strip with a suitable indicator. The Rp value of the wet solvent front was 
measured in a number of cases and is recorded in Table | 

As the concentration of aqueous acid used was increased above 3n-hydrochloric acid the bismuth and 





Fic. 5. 


Group Ila 


Solvent. Butyl alcohol saturated with 
w-HCl 2w-Hcl 3n-HCl 














































































































* Only 10 gg. of Hg present. 
Ry Values using butyl alcohol + 2°6n-HCl. 





5 hrs. 
IT 


Ry Values using butyl alcohol + 2n-HCl. 


Time of run. 





o-13 
0-54 
0-62 
om 


“butyl alcohol saturated with hydrochloric acid ” is 
t from the Ry values given in Table III it will be seen that no 
methods used for 
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volume of 3n-hydrochioric acid are given in Table IV. Temperature was again controlled at 
aed tame of running was 18 hours. 


Taste IV. 
Ry Values using amyl alcohol + 3n-aydrockloric acid. 
Bi. Ca Hg 
0, 0-36 0-63, 0-646 0-70, 0-72 


have been separated from lead by using methyl alcohol 
dein f dey throu 2 ee 


a acid in the solvent results in a diffuse 
r concent byte © move sufficiently fast to overlap the — 

Another separation of Group Ila metals has been achieved by pyridine. Bismu 
cadmuum, and mercury have been separ 
spot while mercury was — in front of, but scene, the cadmium. The onginal solution of the 
metals in dilute h ic acid was spotted on a strip and then made alkaline by exposure to 
ammonia vapour. A better separation was achieved by this method than by leaving the original spot 
ack 

(b) Analytical Growp 116: As, Sb, and Sn. (With N. F. Kempen.)-—Recommended method. The 
metals are present as their lower chlorides and the solvent consists of a mixture of acetylacetone saturated 
with water, with 0-6%, (v/v) of hydrochloric acid (d 1-18) ~~ — (v/v) of acetone. 

A very large ow of solvents have been examined for the separation of arsenious, antimonous, 
and stannous chlorides. Many solvents gave a clear-cut separation of antimony and tin from arsenic, 
but few have been found capable of completely separating antimony and tin. Development with 

hydrogen sulphide was used in carly tests as a means of detecting the arsenic, antimony, and tin 
a it then appeared possible to separate antimony and tin with a number of solvents. The use of 
a chloroform solution of dithizone, which was a@ more sensitive spot test, showed that, while most of the 
tin appeared to be in a concentrated band separated from antimony, a small amount of tin tailed back 
to the front edge of the antumony The separation of arsenic, antimony and tin using ethy! acetate 
(Burstall, Davies, Linstead, and Wells, joc. cst.) suffers from the same disadvantage. The best conditions 
for obtaining repeatable results with ethyl acetate were as follows. The original solution of the metals 
tn dilute hydrochloric acid was — on to a paper strip and allowed to dry im air for | hour. The 
strip was then tested as already ribed with ethy! acetate saturated with water in an atmosphere of 
ethyl acetate and water vapour. After evaporation of the solvent the strip was sprayed with a solution 
of dithizone in chloroform. The arsenic was detected as a very sharp, narrow, yellow band, while the 
antimony was lower down the strip in a wider reddish band with front and rear edges, and the tin 
formed a purple band, with a sharp front edge and a trailing rear e well behind the solvent front 
Similar por were obtained with methyl acetate and methyl propy! ketone. Various modifications 
were tried in order to obtain a better tin band, ¢.¢., (#) addition of ethyl acetoacetate to ethyl! acetate, 
b) the use of methyl acetate in an atmosphere of chloroform vapour, (c) addition of chloroform to methyl 
acetate, (d) addition of various concentrations of hydrochloric acid and water to: methy! propyl ketone ; 
methy! propy! ketone-acetone mixtures; methyl acetate-acetone mixtures, etc. A good separation of 
all three metals was sometimes obtained, but results with respect to the tailing of the tin band were 
difficult to repeat. Of the alcohols tried, butyl aleohpl saturated with water gave the best separations 
Antimony and tin were well separated from arsenic, which formed a more diffuse band than that 
obtained with esters or ketones. Both antimony and tin furnished very narrow bands which, in an 
atmosphere saturated with the solvent, were very close together or just touching. Addition of hydro- 
chioric acid to the alcohol resulted in overlapping of the antimony and tin bands. Good bands were 
obtained for all three metals on using ethy! ether saturated with water, but again the antimony and tin 
bands touched. Other solvents examined include: acetone, methyl ethyl ketone, cyclohexanone, 
isopropyl ether,  Cellosolve “ and its derivatives, pyridine, 2 ; 2’ -dichlorodiethy] ether, methyl isobutyl 
ketone, dioxan, formic acid, acetic acid, triacetin, and ethylene dichloride 

Acetylacetone gave the best separation of tin and antimony so far achieved rations were 
first obtained by using acetylacetone saturated with water. There was a tendency, 
other solvents, for a small amount of tin to remain behind in the original spot 
@-5% (v/v) of hydrochloric acid (¢ 1-18) was added to the solvent together with 25% (v/v) of acetone. 
The acetone was added in amount sufficient to enable the hydrochloric acid and acetylacetone to form 
a clear solution. The acetylacetone was freshly distilled, and the fraction of b. p. 137—141° was collected 
This fraction was saturated with water, and to 7-5 ml. of the saturated solvent were added 0-05 mil. of 
concentrated hydrochloric acid and 2-5 mi. of dry acetone. A solution of arsenious, antimonous, and 
stannous chlorides in dilate hydrochloric acid (2—4N.) was spotted on a paper strip and allowed to dry 
in air for 15 minutes. The experiment was then run with this solvent for one hour (solvent movement 
15 cm.) in an atmosphere saturated with respect to a saturated solution of acetylacetone in water. The 
complexes formed with acetylacetone were extremely stable, ae the one formed with tin. 
Accordingly, the following method was used to develop the the strip was removed 
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(With Miss J. N. Cranks.) 
Co 0-6, Zn 0-9. 


The metals are present as chlorides, and the solvent used is acetone containg 5% (v/v) of water and 
manganese, y .¢; 3 
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Unsuccessful attempts at separation were made when the nitrates of iron, aluminium, and chromium 
A solvent movement of about 


were used with solvents containing nitric acid or potassium thiocyanate. 


(d) Analytical Group I1Tb- Ni, Mn, Co, and Zn, 


To obtain a separation of nickel, 
metals in dilute hydrochloric acid was spotted 


consisted of acetone containing 5% (v/v 
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‘of the alkali metals and so far only 
ith am aqueous solution contaiming 100 pg. 
in 0-06 mi. of solution, separations were obtained with methy! alcohol 
spraying with a mixed solution of 
: bands were detected, ithiam 
about haif-way between the original position and the 
below the original position. 
r, Ra, Os, and Au.—Recommended method. The metals are 


hloro-salts and the solvent used is methyl ethyl ketone containing 


by fusing gold, palladium, platinum, rhodium, and iridium chiormes with 
sodiam peroxide. A second mixture also included ruthenium and — The melt was dissolved in 
water and acidifed with hydrochloric acid. The chloride solut tted on a paper strip and 
allowed to dry rare nd in air, For the subsequent detection of ae metals, stannous chloride was 
found to be a suitable developing reagent for platinum, palladium, gold, and rhodium. A more sensitive 
reagent was a mixture of stannous chloride and potassium iodide solutions. The strip was warmed 
ently for the full development of the rhodium colour Iridium was reduced to the colourless trichlonde 
stannous chioride. A good spot test was not found for iridiam, but reoxidation to the brown 
tetrachloride was found to be fairly satisfactory. A solution of thiourea in 5~x-hydrochloric acid was 
used to test for ratheniam and osmium, and the strip was warmed to develop the colours fully. The 
work has been mainly directed to the separation of gold, — iridium, and rhodium 
and only a small number of experiments have included ruthenium osmium. A number of solvents 
separated gold, platinum, iridium, and from rhod ‘ovided that the rhodium was present 
as sodium chiororhedite (Na,KhCl,); rhodium chloride ( ) is soluble in a number of organic 
solvents. Acetone + 5% of hydrochloric acid (d 1-18) has been found particularly satisfactory provided 
that the ketone is dry and freshly distilled. The rhodium was left in the original spot, and gold, platinum, 
ium, iridium, and osmium were obtained in over ng bands, gold being in the solvent front. 
in the absence of goid, the orginal solution was redu with eulphar 4 d ™m, pall ad 
iy osmium were still extracted from rhodium with acetone +5% (v/v) of hydrochloric acid (4 1- 18) 
but indium and rutheniam then remained with the rhodium 
Indium tetrachloride moved together with the platinum band with all the solvents investigated, 
but in the presence of an organic solvent containing hydrochloric acid the tetrachloride was reduced or 
partly reduced to the trichloride. Iridium trichloride behaved similarly to sodium chlororhodite. This 
reduction of Ir'¥ to Ir increased as the concentration of hydrochloric acid in the organic solvent 
increased. With acetone containing 5%, (v/v) of hydrochloric acid (d 1-18) the extraction of iridium 
tetrachloride from rhodium was practically complete with little or no reduction to the trichloride. The 
presence of an oxidising agent such as sodium chlorate further aided the extraction by preventing 
reduction. Ruthenium was extracted by acetone +5% (v/v) of hydrochloric acid (d 1-18) as a wide 
diffuse band stretching from solvent front to original spot. If sulphur dioxide was first passed through 
the ruthenium chloride solution, the resulting solution was not extracted by the acetone solvent but 
remained with rhodiam and tervalent iridium. The reduction of the chloride solution of the mixed 
tinum metals with sulphur dioxide first gave a clear solution, but in a short time a precipitate was 
med. This deposit was shown to be duc to insoluble ruthenium and osmium compounds. The 
reduced solution of platinum, palladium, and iridium chlorides was stable 
The separation of rhodium, iridium, platinum, palladium, and gold into four bands, one of which 
comtained both rhodium and iridium, using methyl _n — +30% (v/v) of hydrochloric acid 
(4 1-18) has already been reported (Burstall ef al., loc. cit.) og of silver, copper, palladium, 
a, and gald by using buty! alcohol saturated with n- he loric acid has also been recorded by 
sderer (Nature, 1048, 162. 776). Methyl ethyl ketone containing 30% (v/v) of hydrochloric acid 
d 1-18) has been used in place of methyl propyl ketone with satisfactory results (Fig. 6; Strip ITI) 
Kither of the ketonic solvents rapidly reduced Ir'¥ to the comparatively immobile Ir™ which moved 
with rhodium. With less than 30%, (v/v) of hydrochloric acid (d 1-18) in methyl! ethyl ketone, Ir'¥ was 
partly extracted from the rhodium band owing te incomplete reduction. With methyl propyl ketone 
containing less than 30% (vv) of hydrochloric acid (d 1-18) double bands of platinum were formed. 
Ona addition of ruthenium and cemium to the system, rutheniam was found with the rhodium and 
iridium, while osmium was found between, but not completely separated from, the gold and the platinum. 
The behaviour of ruthenium and osmmm was simular with both ketonic solvents 
A number of Ny values were measured and shown to be fairly constant (Table V) providing conditions 
were sufficiently standardised. The solvent was prepared by dissolving 30 mil. of concentrated 
“ AnalaR " hydrochloric acid (d 1-18) in 70 mi. of methyl propyl ketone or methyl ethyl ketone and the 
atmosphere of the separation vessel was saturated with respect to the solvent. The solution of platinum 
metals in 2s-hydrochior acid was spotted on a paper strip and dried for | hour 
The solvent was freshly made up each day, since, when kept for a long time with acid, both ketones 
undergo some decompomtion and darkening. The sormality of the concentrated hydrochloric acid is 
likely to vary, bet this will not affect the separation although some alteration in Ap values will be 
observed 
For the separation of rhodism and iridium after removal of gold, platinum, and palladium with 
either ketonic solvent, the test was run first with methyl propyl ketone or methyl ethyl ketone 4+ 30% 
(v/v) of hydrochloric acid (d 1-15), the solvent was allowed to evaporate, and the strip then sprayed with 
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an , Chlorine water Stes Gaine, Ge ep wis sects wth exten commiting 
O% (viv byrochloric wed (4 118 ‘This extraction removed the indium in the new solvent 
1 Chic ces hen allowed to move to a point between the rhodium and palladium bands 
WA tumber of other sovents have been found to give auconafl or partly succeatfal separation 
* Cellosolve "* containing 20% (v/v) of hydrochloric acid (d 118) gave a mparation of 
m, palladium, and rhodium into 4 bands; “ Cellosolve aceta 
1-20) oace chntinr ssabtn, but tn all thone cnaus quadstegiant tckdiens wun tennd with the pelndiem 


series of results was obtained on using the alcohols with 20%, (v/v) of hydrochloric acid 
mixtures being on the methyl, 
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ation of Gold from the Platinum 


The metals 
as their and the solvent used is ethyl ether containing 2% (w'v) of dry hydrogen 
ond 7-5% (v/v) of dry methyl! alcohol 





Taste V. 
Ry Values of platinum metals. 
Ry Values 
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A aseful quick method for the detection of small amounts of gold in chloride solutions of the platinum 
metals has been discovered. The solvent consisted of ethyl ether containing 12% (w/v) of dry 
hydrogen chloride to which was added 7-5% (v/v) of dry methyl alcohol. This mixture extracted gold 
in a narrow band in the solvent front, while the platinum metals remained in the original spot (Pig. 6; 
Strip V). By using this solvent it was found possible to detect | sg. of gold in several hundred times 
the amount of each of the platinum metals. 

Several practical difficulties have been observed. In experiments with pure gold jag a. 
it was found that when an aqueous solution was allowed to evaporate to dryness on filter 
of the gold salt was reduced to the metal and was not subsequently extracted. A soluti in fairly 
concentrated (> 2n.) hydrochloric acid, however, could be evaporated to dryness on a paper strip with 
out reduction to the metal and subsequent extraction was complete. With a 12-hour gap between the 
drying and running of a strip, partial reduction to gold occurred even with use of concentrated hydro- 
chioric acid. In all work with solations containing gold chloride, therefore, the original solution was 
made acid with hydrochloric acid and after being spotted on a paper strip was allowed to dry 
im air for 1 hour and then run with solvent. The methyl! alcohol was added to the solvent in order to 
increase the efficiency of extraction, by decreasing the rate of movement of ether which was too fast 
for complete extraction of the gold chloride. Addition of too much methyl! alcohol brought about 
partial reduction of the auric chloride. Increase in the concentration of dry hydrogen chloride in the 
solvent to 4% (w/v) also caused reduction, but variation in the concentration between | and 2% (w/v) 
was without t. The test was run in an atmosphere of solvent vapour, but the extreme v tility 
of the solvent made constant atmospheric conditions difficult to maintain. A sumber of modifications 
and different solvents were tried in order to overcome this disadvantage, but either the platinum metals 
moved or the gold was extracted in a — which tailed badly. An example of a solvent which produced 
tailing was glacial acetic acid containing 4% (v/v) of b loric acid 

(i) Seperation of Mercury from other Masts (With Miss M. N. Jawxrns.)—Recommended method 
The metals are present as their chlorides and the solvent used is methyl acetate containing 3% (v/v) of 
methy! alcohol and 1o% (v/v) of water sis 

The separation of mercury using tetrahydrosylvan as solvent has already been reported (Arden 
et al., loc. cit.). Methyl pone a hen found to G a suitable and more readily available solvent for the 
extraction of mercury as chloride from the following metals: lead, copper, bismuth, cadmium, arsenic, 
antimony, iron, aluminium, chromium, nickel, cobalt, manganese, and zinc. A number of other solvents 
including ethyl acetate and methyl propy! ketone also gave good results. Mercurie chloride is 
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soluble in a large number saat solvents but is exceptional in that the partition coefficient between 
most solvents and water falls off rapudily as the acidity of the layer is increased. Methy! acetate 
extracts mercuric chloride under widely differing conditions but the width of the mercury band and 
its position relative to the solvent front vary considerably with small changes. Mercury was extracted 
in @ Very narrow band in the solvent front by the following method. 

The test solution, which should not contain more than 5% (v/v) of hydrochloric acid (d 1-18) and 
must have pH <2, was spotted on a paper strip and allowed to evaporate for 10—15 minutes. The 
solvent was methyl acetate with 10% (v/v) of water and 3% (v/v) of methyl alcohol or the constant- 
boiling mixture of methy! acetate and methyl alcohol with an added 7% (v/v) of water. The solvent 
was run in an atmosphere saturated with respect to the vapour of a saturated solution of methy! acetate 
im water and the temperature was kept constant at 22°. The solvent moved sufficiently far in 20— 
30 minutes to effect a complete separation. After the solvent had been allowed to evaporate, the strip 
was made alkaline by exposure to ammonia vapour and sprayed with an alcoholic solution of dipheny!- 
carbazide; mercury was then indicated by a blue band in the solvent front. Two solvent phases were 
clearly distinguishable on the strip, an upper aqueous phase containing impurities, and a dry solvent 
phase with the mercury in the front edge. The extent to which water could usefully be added to the 
solvent was controlled by the behaviour of the upper wet phase. As the amount of water in the solvent 
was increased the extraction of mercury was improved, but if the amount of water added was increased 
beyond a definite limit, which varied with temperature, only one aqueous phase was obtained on the 
strip and all the metals present moved down to the solvent front. The amount of water permissible 
decreased with increase im temperature. The original spot was not allowed to dry over a prolonged 
period in order to avoid the formation of basic salt which retained the mercury. It was possible to 
detect with ease | pg. of mercury by this method in the presence of a large excess of other metals. Some 
interference in the extraction of mercury was noted with concentrations of copper in the test solution 
exceeding 10%, (wv) but the extraction was largely independent of the ratio of mercury to copper 

()) Separation of Selenium and Tellurium (With N. F. Kempur.)—Recommended method. The 
metals are present im dilute nitric acid solution, and the solvent used is dry butyl alcohol contaiming 
40%, (v/v) of dry methyl alcohol 
The following method has been developed for the separation of selenium and tellurium. A solution 
of the elements as selenite and tellurite in dilute nitric acid was spotted on a paper strip and allowed to 
dry thoroughly in air. The strip was treated with a solvent consisting of a mixture of 60% (v/v) of 
dry butyl alcohol and 40%, (vv) of dry methyl alcohol, in an atmosphere saturated with respect to the 
sivent vapour and with a relative humidity maintained at 50% he solvent was allowed to diffuse 
§-—-10 cm. down the strip (approx. 2 hours) After evaporation of the solvent, the strip was developed 
by spraying with stannous chloride solution. The tellurium which had moved only slightly from the 


position of the test sample was indicated as a black band, whereas selenium formed an orange band 
half-way between the solvent front and the original spot position (Pig. 6; Strip VI). The lower limit 
of detection for selenium, with the normal |’’ wide strip and stannous chloride as developer, was 5 pg 


but 1 pg. was detected in 1000 pg. of tellurium by using a triangular strip. This separation was also 
tained with test solutions consisting of tellurate and selenate in dilute nitric acid, but more difficulty 
was experienced in detecting the position of the bands. Sulphate, if present, did not affect the separation 
bet remained with the tellarium. The original spot on the paper strip had to be thoroughly dry, other 
wise excessive tailing of tellurtuam occurred, moveover, both alcohols in the solvent mixture must be 
dry. Increase in the percentage of methy! alcohol in the solvent mixture gave more rapid extraction 
4 selenium in a narrower band but excessive forward tailing of tellurium was also obtained. The 
vamidity of the extraction vessel was controlled at approximately 50% by means of a saturated solution 
if caletum nitrate kept in the bottom of the container. Variation in the humidity was found to alter the 
extraction in the following ways a) Increase in humidity gave more complete extraction of selenium 
6) At relative humudities .- 30%, shght movement of tellurium took place: this increased as the humidity 
was raised. (c) The relative movement of selenium dec cud as the humidity was increased 
@) * Edge effects "’ for selenium decreased as the humidity was raised. 

The conditions chosen for extraction therefore represent a compromise. 

k) Seperation of Thoriam, Scandium, and the Rare Earths. (With N. F. Kemper Recommended 
wethond metals are present as nitrates, and the solvent used is tetrahydrosylvan containing 
% (v/v) of water and 10%, (v/v) of nitric acid (d 1-42) 

The separation of scandium from the rare earths on a column of cellulose by aid of an ethyl ether 
nitric acid mixture has already been briefty reported (Burstall ef al., loc. cit A solvent containing 
diethyl ether is not suitable for ase with the paper-strip techmque, but tetrahydrosylvan was found to 
be a suitable solvent, after addition of water and nitric acid, for the separation of scandium and thorium 
from each other and from the rare earths, on the same strip 

A solution of the rare earths, thorium, and scandium in dilute nitric acid was spotted on a paper 
strip and dried thoroughly in air. The solvent, consisting of tetrahydrosylvan containing 5% (v,v) of 
water and 10%, (vv) of nitric acid (d 1-42), was allowed to diffuse about 15 cm. down the paper strip 
By controlling the relative humudity of the atmosphere at about 80% with a saturated solution of 
ammonium chloride in the bottom of the extraction vessel, a narrow and concentrated band of scandium 
was obtained. The solvent was allowed to evaporate, and the strip placed for about 10 minutes in an 
atmosphere of ammonia. The strip was sprayed with an alcoholic solution of alizarin and finally with 
weacetic acid; thorium was then detected as a violet-blue band with a sharp front edge about 6-6 cm 
behind the solvent front. Scandmm formed a more diffuse band about 2-5 cm. in front of the rare 
earths which moved only shghtly from the original position of the test spot. With alizarin the rare 
earths gave a similar colour to thoriam but a redder tint was obtained with scandium. By this method 
1 pe. of scandium was detected in 1000 gg. of the rare earths 

Scandium was also separated from the rare earths by umng methyl acetate containing 10% (v/v) of 
water and 5%, (v v) of nitric acid (d 1-42) as solvent. The strip was allowed a solvent run of 25 cm.; 
scandiam was then found in a similar position to that obtamed with tetrahydrosylvan but in a narrower 
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band. Thorium, however, was detected as a more diffuse band between scandium and the solvent 
front 
(1) Separation of F, Cl, Br, and I. (With D. B. Rezs Evans.)—Recommended method. The acid 
radicals are present as their sodium salts and the solvent used ts pyndine contai 10%, (v/v) of water 
The anions, fluoride, chloride, bromide, and iodide, have been ted as 
using or acetone as solvent. The acetone used contained 20° 
was AnalaR pyr 


solution of sodium chloride, bromide, and iodide (the sodium salts were found preferable to the petintien 
salts), was spotted on a paper ae mops Ave and allowed to dry in air. The strip was run in an at 
saturated with solvent vapour f +2 hours. The scivent was allowed to evaporate from the strip 
which was then sprayed with a mixture of silver nitrate and fluorescein solutions. On drying, the 
halides appeared as three characteristic dark —_. which when viewed under ultra-violet light « 
ao Gad Gites on 0 Comnaneet Sachgunes eS, oe Strip IV). Strips one inch wide being w it was 
possible to detect 1 sg. of bromide and 4 pg hioride or sodide in 0-05 ml of original solution by this 
method. With a triangular strip, | pg. of chloride or iodide per 0-05 mil. of test solution was detected 
Separations were carried out in which 1-10 pg. of one or two of the halides have been detected in the 
presence of 10 times the quantity of either one or both of the others. No difficulty has been experienced 
in dealing with concentrations up to 200 0-05 ml. of each of the halides 

A more limited study has been made of the behaviour of fluoride Sodium fluoride was added to the 
original solution of sodium chioride, bromide, and iodide. Strips were run with both the acetone and 
the pyridine solvent. The position of the fluoride band was detected by spraying with zirconium. 
alizarin reagent. For this purpose each st was cut in two longitudinally, one part was then spra 
with silver nitrate—fluorescein reagent and other with zirconium-alizarin solution. When pyridine 
was used as solvent the fluoride remained in the original With the acetone solvent the fluoride 
moved but still remained separated from the chloride With this solvent a trace of fluoride was 
left in the original spot. Use of a wet spot overcame this disadvantage but Np values were not then 
repeatable. Ry Values obtained by using a dry spot were fairly constant with both solvents as indicated 
below 


Ry Values for halides. 
Acetone + 20% (v/v) H,O Pyridine + 10% (v/v) H,O 


Radical — _ - 
Fluoride 026 O24 . —- O-00 0-00 
Chloride f § rr | 0-49 #25 @22 23 om 
Bromide 0-62 oe oar o4T Oat 47 
Iodide 17 . 77 0-76 72 O70 72 71 





m) Miscellaneous Separations. (With N. F. Kemper.)-——In addition to readily recognised 
groups of metals the separation of a number of special mixtures of metals has been examined, as follows 
(1) The separation of nickel, manganese, cobalt, c and iron (of interest in analysis of steel) has 
been studied, the solvent being either acetone or met yl ethyl ketone mixtures with hydrochloric acid 
2) In parallel experiments, using the same solvents, the separation of uranium, vanadium, and titanium 
has been explored 

For this purpose two solutions were prepared, one containing nickel, manganese, cobalt, copper, and 
iron in dilute hydrochloric acid, and another containing uranium, vanadium, and titanium, also in 
dilute hydrochloric acid. A portion of each solution was placed upon a separate paper strip and allowed 
to dry in air; the solvent was then allowed to ran down both strips for a distance of 15 cm. A series 
of a ximate Ry values obtained with different solvents are shown in Table VI. It can be seen that 
nickel, manganese, cobalt, copper, and iron have been separated with methyl! ethyl ketone + 8% (v/v) 
of hydrochloric acid (d 1-18), and uranium has been extracted from vanadium and titanium with a 
variety of solvents 

Two lines drawn between a pair of Ry values in the table indicate that the two metals concerned are 
in bands which overla One line indicates that the bands just touch. The abbreviations D or VD 
written after an Ry value indicate that the band is diffuse or very diffuse. Where two Ry values are 
given for the same metal then the metal is in a double band 

With methyl ethyl ketone as solvent two phases were obtained on the paper strip, acetone, although 
miscible with water, also gave two phases. With both solvents the ag consisted of a lower dry 
solvent phase, in which the acid concentration was low, and an Tobe site ueous solvent in which 
there appeared to be an acidity gradient, the strip being most acid at a becomes progressively 
less acid nearer the solvent front. The approximate position of the interp dary was 
and the Ry value is recorded with those of the metals in Table VI ys aypear 4 be directly related to 
the proportion of acid and water in the solvent, the ratio of the wet to solvent increasing as 
the concentration of acid is increased and falling off as the water content is incr The position of 

boundary in that tends to split into two bands, a main band in the 

anda wae tent i the y oar ent Speen it however, the Ny value of the inter- 

is sufficiently high, copper is only in the wet solvent phase. The behaviour of 

uranium is also unusual in that it is comotionss fe cat in the wet solvent phase and at others in the dry 
solvent phase 

During a study of the double band formation of copper it was noticed that the acid ketonic solvents 
wae quseneted © caviann Seneane ee oes eae oe Se “paper. After runs on blank sheets 
ond cutpe of pepet, 0 Seat 6 8 ae ars 2 SS ee front and some way behind a band of 
copper was obtained. Further investigations are being made to extract this soluble inorganic material 
without interfering with subsequent chromatographic separations. 
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Tasce VI. 
Ry values with different solvents. 

COMe, COMe, COMeEt COMeEt COMcEt 
+5% vey) +10% (viv) COMeEt COMeEt +5% (v/v) $.10% (v/v) i’e* vie) 
HO + $% HO 45% 46% (viv) 48% (v/v) H,O + 8% H,O + 10 0+ 5% 
nih Hcl (vy) HCL fic) fla.’ (we HC (ey) HCl (vy) HCl 

Strip 1. 
Ol : 0-005 
O13 ; ool 


42D . 0 0-04 
0-65VD OT2VD 0463,070D 0-26, 0-39 
ogo 0-91 0-90 
Strip 2. 
oan _— 0-10 


== 


v 18 p17 0-07 O14 0.09 o-12 


vu 0-65 0-76 0-87 0-73 0-62 


Ry value of 
interface OO On Ow 82 0-72 ot 0-37 


(3) Separations with Butyl Alcohol.—-The solvent butyl alcohol saturated with 3n-hydrochloric 
acid, used for the separation of the metals of the analytical group Ila, has been employed in a number 
of other separations. The members of the following pairs of metals are mutually interfering, when 
undergoing estimation on the polarograph | copper and bismuth, vanadium and iron, uranium and 
molybdenum, and lead aad antimony; but, as may be deduced from the Ny values in the table below, 
separation is possible by using butyl alcohol saturated with 3n-hydrochloric acid. A chloride solution 
of the metals is treated as described in Section (a) (p. 518). After suitable development, owes. 
vanadium, uranium, and lead are found on the top portion of the strip, above the iron band w 
which the bismuth, molybdenum, and antimony bands are located. The individual members of each 
of these groups of four metals may then be estimated by the polarograph since the other three metals 
present will not interfere 


Ry Values with butyl alcohol + 3n-hydrochloric acid. 


Meta! V Ca Pb U Fe Mo Bi Sb 
Ry value 6-18 0-19 0-23 0-26 0-42 0-53 0-57 0-78 


Ewhanced Colours —-It has been noticed that when a strip is sprayed with developing reagent before 
all the solvent has evaporated, the colours obtained are often very mach more intense, than those obtained 
normally with the reagent and the radical after solvent has been removed, ¢.g., arsenic, antimony, and 
tin with dithizone in chloroform in the presence of ethyl acetoacetate, scandium and the rare earths 
with alizarin in the presence of methy! acetate, gold and the platinum metals with stannous chloride in 
the presence of various “ Carbitol ” derivatives, the halides with silver nitrate and fluorescein in the 
presence of pyridine 

It is thought that this effect may have application in increasing the sensitivity of “ spot" tests 
The y me me effect has also been noticed. It is then often necessary to warm the strip for some time 
after developing it to allow the colour reaction to ; 

Preparation of Solvents.—Acetone. Refluxed with solid potassium hydroxide and permanganate 
for | hour; the fraction, b. p. 56° 4 05", was used 

Methyl ethyl Aetone. As acetone. The fraction, b. p. 70-5—79-7", was used 

Methyl n-propy! hetome. As acetone. The fraction, b. p. 99-—102°, was used 

Methyl alcohol. Redistilled, b. p. 63 

n-Buty! alcohol, Dried over calcium; b. p. 116-5-—117-5". 

Amy! alcohol and pyridine. Both of AnalaR brand. 

Ethyl acetate, Shaken with saturated calcium chloride solution, dried (CaCl,), and distilled; b. p. 
76-5-77-6° 

Methyi acetate, Either the constant-boiling mixture with methyl alcohol, b. p. 54°, was used, or 
the ester was dried (CaCl,) and distilled, the fraction of b. p. 56-658" being used 

Ethyl ether, Retluxed with alkaline permanganate, distilled, dried (CaCl,), and fractionated. The 
solvent used was free from peroxide and had a water content of less than 1%, 

Tetrahydrosyivan. As ethyl ether; the fraction of b. p. 79-—80" was use 


Discussion. 


Measurement of Rp Values.—-The method used for measuring Ry values requires explanation. 
The original solution was placed along a pencilled line ruled across the paper strip. The 
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distance moved by an element was considered to be the distance between this line and the 
* centre of gravity " of the band formed by the element; this was compared with the movement 
of the solvent measured from the same line. This method of measurement was simple but 
suffered from several disadvantages; no indication was given of the width of a band, without 
which an R, value can be misleading, ¢¢., using amyl alcohol as solvent the R, values for 
cadmium and mercury were very close but the bands were so narrow that separation occurred, 
whereas with the same amounts of lead and copper and the same solvent, a difference in Ry 
values was obtained, but without separation, the lead forming a narrow band in the forward 
area of a wide copper band. An alternative method of measurement would be to give the R, 
values for the frant and the rear boundary of each band; this, however, would be difficult for 
those bands with diffuse boundaries. When two liquid phases are obtained on a paper strip 
there is some advantage to be gained from using the aqueous phase front (Lederer, Nature, 
1948, 162, 776) as a reference point for the calculation of Ry values, but in many cases the 
position of the phase front has been very indeterminate and in others only one phase appeared 
to exist. 

Constancy of Rp V aiues —-Providing close contro! of al) the variables is maintained, constant 
Ry values are obtained. The necessity for such close control would be a disadvantage in 
routine applications but, as found with amino-acids (Consden ef al., loc. cit.), relative rates of 
movement are constant with less control. Thus, one band on a strip can usually be 
identified by its position relative to known bands. Again, the large number of characteristic 
“spot ’ tests available for the detection of inorganic radicals diminishes the necessity for 
accurate measurement of FR, values. Constancy of solvents, temperature, and saturation of 
the atmosphere being assumed, a number of factors were found to affect Ry values, viz. : 

(a) The presence of other anions. This is very common. A good example is the presence 
of chloride in separations carried out with nitrate solutions. 

(6) The acidity of the original solution. This effect has been reported by Lacourt ¢ al. 
(loc. est.), and variations have been found although the original solution was first allowed to 
evaporate. The cause may be due to the need for acid in the formation of a complex soluble in 
the organic solvent complex, ¢.g., gold chloride. On the other hand, the presence of acid may 
tend to prevent complex formation, ¢.g., the extraction of mercury with methyl acetate from a 
strongly acid solution. 

(ec) The time of running of a strip. This factor is not important in all cases but is important 
in certain separations. In the separation of copper, lead, bismuth, cadmium, and mercury 
with butyl alcohol saturated with 3n-hydrochloric acid, Ry values increase with the time of 
running and this coincides with a decrease in the rate of movement of the solvent front. The 
reason for these changes is not known with certainty but several points may be relevant. At 
the beginning of a run, the paper is in equilibrium with the prevailing laboratory atmospheric 
conditions but after some twelve or more hours in an atmosphere saturated with respect to 
butyl alcohol and dilute hydrochloric acid the strip has absorbed so much water vapour that 
difficulty is often found in detecting the exact position of the solvent front. It is this increase 
in water content of the cellulose which undoubtedly accounts for the decrease in the rate of 
movement of the solvent front. A further variable which has not, so far, been investigated is 
the esterification of the butyl! alcohol. 

(d) The presence and concentration of other cations, A few cases of interference by one 
metal on the extraction of another have been observed. This appears to be due to complex- 
cation formation or to the amphoteric properties of one of the metals. 

The Formation of Two Phases.—The following explanation is put forward to correlate all 
the facts observed. Consider a solvent containing water passing down a strip of paper. The 
cellulose will absorb water from the solvent until an equilibrium is set up. Since the affinity of 
cellulose for water is much higher than that of most organic solvents, equilibrium is reached 
when the solvent is almost dry and the cellulose almost saturated with water. This will result 
in a clearly defined wet area of strip, and further down the strip there is an area of dry solvent. 
If now the percentage of water in the solvent is progressively increased, the ratio of area of 
wet phase to area of dry phase increases. This type of behaviour was observed on adding 
increasing quantities of water to the constant-boiling mixture of methy! acetate and methyl 
alcohol used for the extraction of mercury. 

A solvent containing hydrochloric acid as well as water may next be considered. In some 
cases the presence of hydrochloric acid in the solvent increases its affinity for water. At the 
same time there is partition of hydrochloric acid between the water in the cellulose and the 
solvent. The net result is that the solvent competes more effectively with the cellulose for the 
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water and travels further down the strip before losing all its water. This results in (1) a 
hydrochloric acid gradient in the wet part of the strip and a very low concentration of hydro- 
chioric acid in the dry phase (both these effects can be noted in separations with 
acetone, hydrochloric acid, water mixtures); (2) a lower concentration of water in the wet 
phase area of the strip than that obtained when using an organic solvent containing water only ; 
(3) a larger ratio of wet to dry phase on the strip. The last two points are supported by the 
behaviour of a number of solvents, ¢.g., butyl alcohol, amyl alcohol, or methyl propy! ketone, 
with increasing hydrochloric acid content. The concentration of water in the paper underlying 
the wet phase decreases with increase of hydrochloric acid concentration until it is very difficult 
to detect the exact position of the interphase boundary. This change is accompanied by an 
increase in wet/dry phase ratio which continues until only one phase is obtained. These 
observations are illustrated by the behaviour of platinum on extraction with methyl propyl 
ketone containing hydrochloric acid. 

Band Width.—Those salts which have a high solubility in organic solvents tend to be 
extracted in the solvent front. When this occurs, ¢.g., mercuric chloride with methy! acetate, 
gold chloride with a mixture of ethyl ether and hydrochloric acid, and ferric chloride 
with acetone-hydrochioric acid mixtures, the width of the band in the solvent front is usually 
very much less than the width of the original spot. When two phases exist on a paper strip, 
a similar decrease in band width is sometimes noticed if a metal tends to travel just above the 
inter-phase boundary, ¢.g., arsenious chloride with ethyl acetate-water mixtures. A some- 
what different case arises when cadmium and mercury chlorides are extracted with buty! alcohol 
saturated with 3x-hydrochloric acid. Both form bands narrower than the original spot and 
neither is in the solvent front, although the cadmium is probably just above the interphase 
boundary. The second case is explicable if a soluble metallo-complex is formed only in the 
presence of a definite excess of water or acid concentration. 

Further work is necessary to explain the other two cases. 

It is hoped to devise more general separations when further basic knowledge of the behaviour 
of different salts with various solvents has been obtained. 


The investigations have been carried out in part for the Ministry of Supply and in part for the 
Chemical Research Board, D5.1.R., and are published with the permission of the Director of the 
Chemical Research Laboratory 


Cusmicat. Reszarcn Lasorarory, 
Tepoincron, Mrpo.esex Received, November 3rd, 1949. 


101. Studies of Seed Mucilages. Part V. Examination of a Poly- 
saccharide extracted from the Seeds of Plantago ovata Forsk by Hot 
Water. 


By R. A, Larpraw and E. G. V. Percivar. 


Extraction of these seeds with hot water, after exhaustive extraction with cold water, 
yielded a polysaccharide fraction (PL, equiv., ca. 4000; uronic anhydride, ca. 3%; pentosan, 
«a. 00%; methylpentosan, nil Hydrolysis of PIl gave p-xylose (80%), L-arabinose (14%), 
galactose (a trace), an akiobiuronic acid (ca. 03%), and an insoluble residue (ca. 3%,) 
Acetylation, deacetylation and methylation, and fractional precipitation gave products 4 
(63%), 8 (32%), and C (5%). Methanolysis and hydrolysis of A gave trimethy! p-xylopyranox 
8 parts), trimethyl t-arabofuranose (3 parts), tetramethyl p-galactopyranose (ca. 0-3%,), a 
2 6-dimethy! hexose (1 part), 2 : 4-dimethyl D-xylopyranose (4 parts), 3-methy! p-xylopyranose 
8 parts), and p-xylopyvranose (1 part 


In Part Lil (Laidlaw and Percival, J., 1949, 1600) the polysaccharide obtained from Plantago 
ovata Forsk seeds by extraction with cold water (P1) was shown to be highly complex. The 
main constituents liberated on hydrolysis were p-xylose (46%), L-arabinose (7%), and 
2-p-galacturonosido-.-rhamnose (40%), but after acetylation and methylation no uronic acid 
residues remained. Although it was possible to indicate the mode of linkage of the xylose and 
arabinose residues in the methylated polysaccharide, it was thought that at least two associated 
polysaccharides were present in the mucilage, a polyuronide and a neutral fraction. This indeed 
agreed with Anderson and Fireman's observation (/. Biol. Chem., 1935, 108, 437) that products 
containing variable quantities of uronic acid residues could be isolated depending on purely 
mechanical differences in the mode of extraction To throw further light on the matter, we 
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have studied the properties of the polysaccharide (P11) obtained by extraction of the seeds with 
hot water after exhaustive extraction with cold water. The proportion of uronic acid residues in 
PII is much less than in PI, the equivalent by titration being ca. 4000 (cf. 700 for Pl), and Pil 
contains only 3%, of uronic anhydride; the pentosan content is correspondingly higher (90%) 
and t-rhamnose is absent. The uronic anhydride is considered to arise from an associated 
polyuronide. Hydrolysis of PII gave p-xylose (80%), L-arabinose (14%), a trace of galactose, 
and a smal] amount (0°3°,) of a substance which appeared to be the barium salt of an aldobiuronic 
acid with properties different from that isolated from PI (loc. cit.). 

Acetylation and methylation gave a methylated polysaccharide which was fractionated to 
give products A, B, and C (see table, p. 531). Products 4 and B, which together amounted to 
96%, of the methylated mucilage, appeared to be essentially similar, apart from the lower 
Specific viscosity, and presumably, molecular weight of B. 

Product A, on methanolysis afforded a mixture of methylated sugar glycosides which were 
separated by solvent extraction (Brown and Jones, /., 1947, 1344) to give the four fractions 
discussed below, wiz., I (47°8%), LI (16°7%), LIT (82°2%), and IV (44%). Fraction I was a 
mixture of trimethy! methy!-p-xylopyranosides and -.-arabofuranosides similar to that Gescribed 
previously (Joc. c.): crystalline trimethyl p-xylopyranose, its anilide, trimethyl p-xylo- 
pyranolactone, and 2: 3: 5-trimethy! L-arabonamide were isolated. From a consideration of 
the lactone equilibria it was estimated that trimethy! L-arabofuranose constituted about 14% 
of the products of hydrolysis of the methylated mucilage. Fraction II on hydrolysis and 
separation on a column of powdered cellulose (Hough, Jones, and Wadman, /., 1949, 2511) gave 
six fractions. Oi these, fraction II(1) was identical with I; I1(2) was tetramethy! p-galacto- 
pyranose; I1(3) has not been identified although it appears to be a 2 ; 6-dimethy! aldohexose ; 
Il{4) proved to be a mixture of 2: 3-dimethyl and 2:4-dimethy! p-xylose. Complete 
methylation gave trimethy! p-xylopyranose as the sole product, and the mixed lactone obtained 
on oxidation, the equivalent weight of which by titration corresponded to a dimethy! pentono- 
lactone, showed [a)]) + 30°8° ——» 45°2° (96 hours) corresponding to a mixture of 2 : 3-dimethyl 
p-xylofuranolactone (40%) and 2: 4-dimethy! p-xylopyranolactone (60°). Oxidation of the 
mixed sodium salts with periodic acid (Reeves, J. Amer. Chem. Soc., 1941, 68, 1473) gave 
formaldehyde in amount corresponding to the presence of 38% of sodium 2 : 3-dimethy! xylonate, 
and the syrupy amide gave a negative Weerman test (Rec. Trav. chim., 1917, 37, 16). A 
crystalline anilide, m. p. 158°, obtained from fraction I1(4) was identified as slightly impure 
2 : 4-dimethy! p-xylose anilide. 

Fraction I1(5) crystallised completely to give 2 : 4-dimethyl §-p-xylose which was identified 
by the properties of its lactone, by the facts that the derived amide gave a negative Weerman 
test and yielded no formaldehyde on periodate oxidation, and by comparison with a standard 
on the paper chromatogram. 

Fraction I1(6) proved to be 3-methy! xylose. 

Fraction I1(3) has defied identification; a syrup having [a), — 19°, it was readily oxidised by 
sodium hypoiodite and was thus an aldose. Oxidation gave a furanolactone {[x),, — 50° ——> 
— 33° (18 days)}, showing the hydroxyl group on C,, to be free. The derived crystalline amide, 
which analysis showed to be a dimethylhexonamide, gave a negative Weerman test showing the 
presence of a methoxyl group onC,.. The R, value (Hirst and Jones, /., 1949, 928) of fraction 
I1(3), 0-80, is higher than that for any dimethyl hexose recorded so far, but the brown colour 
formed with aniline oxalate was easily distinguishable from the pink colour given by pentose 
derivatives. Oxidation with periodic acid (Nicolet and Shinn, J. Amer. Chem. Soc., 1941, 68, 
1456) gave no acetaldehyde which, since the hydroxyl on C,, is free, excludes all (except 
5-substituted) 6-deoxyhexoses, in any event an unlikely possibility. No formaldehyde was 
released on oxidation with periodate (Reeves, Joc. cit.) and this, coupled with the knowledge 
that the hydroxy! group on C,,, is free, makes it probable that a methoxyl group resides on 
C,»- That fraction 11(3) was an individual substance appeared likely from the definition of the 
spot on the paper chromatogram and the isolation of a crystalline amide; complete methylation 
and hydrolysis gave a syrup which again gave a single spot on the chromatogram, although this 
observation would not exclude the presence of a mixture of p- and t-forms. The R, value 
observed (0°96) for the last-mentioned product appears to exclude tetramethy! galactopyranose 
(R, 0°88); this is confirmed by the failure to isolate a tetramethy! hexose anilide which also seems 
to remove the possibility of the parent sugar being mannose. The examination of the original 
hydrolysed PII on the paper chromatogram seems to exclude idose and talose as possibilities. 
Gulose on the other hand has the same R, value as arabinose and would, therefore, escape 
detection, but gulose has not, so far, been isolated from a natural product. 
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Fraction III on hydrolysis and fractionation on a cellulose column gave four fractions as 
follows: I1I(a) having R, 07; I11(6), Hl (c), and V1l(d), having R, 0°39. 

Fraction IIl() gave a syrupy lactone {[a)}f + 12°» +27° (50 hours)}, and the derived 
amide gave a negative Weerman reaction and a 20% yield of formaldehyde on periodate 
oxidation. Examination on the paper chromatogram showed III(a) to contain a mixture of 
2: 3-dimethy! and 2 : 4-dimethy! xylose, and from the above evidence the relative proportions 
were taken as 1:4. Paint traces of 11(3) and of a monomethy! xylose were also present. 
Fraction I11(}) crystallised to give 3-methy! p-xylose (60%), together with a syrup which, on 
oxidation, gave crystalline 3-methy! p-xylofuranolactone as the only product. Fraction III (¢) 
gave the same crystalline lactone on suitable treatment, and IIl(c) gave crystalline 3-methyl 
xylose anilide. No 2-methyl xylose derivatives were detected, although they occurred in the 
products of hydrolysis of methylated PI (Part II, lec. cs#.). 

Fraction IV consisted almost entirely of methy! D-xylosides, chromatographic analysis of the 
hydrolysed syrup giving one spot only, corresponding to xylose, and the identity of p-xylose was 
confirmed as the crystalline dibenzylidene dimethylacetal (Breddy and Jones, /., 1945, 738). 

On the methanolysis of product # and separation by solvent extraction, five fractions were 
obtained which on qualitative examination by paper chromatography appeared closely similar 
to the fractions obtained from A, and no other individual sugars were present. 

Allowing for the demethylation known to occur during methanolysis (Part III, Joc. ett.) it 
was calculated that product A on hydrolysis gave trimethy! p-xylopyranose (# parts), trimethy! 
t-arabofaranose (3 parts), tetramethy! p-galactopyranose (ca. 03%), 2: 6-dimethy! hexose 
(1 part), 2: 3-dimethy! p-xylopyranose (1 part), 2: 4-dimethy! p-xylose (4 parts), 3-methyl 
p-xylopyrancese (8 parts), and p-xylopyrancse (1 part). Thus, in the polysaccharide the 
following units must be present, linked as shown : 


I I = ! ! 
X1; Al; Gl; 364 (or 3H5); X3; X4; 4X2; 4X2 
3 
{X = pxylopyrancsee; G = D-galactopyrancse;) 
LA = L-arabofarancse; H — hexose 5 


No information is available at present to show how these units are related in the mucilage 
molecule. Thus, no definite structural formula can be assigned to the PII repeating unit, but the 
formula indicated below, one of many possible variants, would explain the properties of the 
methylated polysaccharide. 


\ \ 


XI 4X xX X \ A x 
I i I l I I ! 1 
3 4 ‘ 4 ‘ 7 4 4 
1X2 1H3 IXS 1X2 IXD IN2 IN4 1X2 INXS 1X2 IXB LAZ LN 
‘4 


XI 2 X p-xvlopyranose; A = L-arabofuranose 


I 
Xx 
‘4 
l 
Xx 


The galactose end-groups have been neglected in this formula, but it may be that in the 
mucilage molecule we have 13-14 such repeating units linked together and terminated by a 
p-galactopyranose residue 

Such a repeating unit should yield on oxidation with potassium periodate (Halsall, Hirst, and 
Jones, j/., 1947, 1427) 8 moles of formic acid, from the xylopyranose end-groups, t.¢., 000225 
mol./g. The value found in practice for PIL was 000234 mol./g., in good agreement with the 
theoretical figure. Further, a molecule of this constitution would use 20 moles of periodate 
of 000563 mol./g. The experimental figure (0°00535 mol./g. after 15 minutes when the initial 
rapid uptake appears to be complete) is in reasonable agreement. The higher figure (0-00674 
mol./g.) obtained after 3 days may possibly be due to over-oxidation. 

We may now compare the results from PII with those from PI. Methylated PI on hydrolysis 
yielded 2: 3; 4-trimethyl p-xylose (6 parts), 2:3: 5-trimethy! L-arabinose (1 part), 2: 4-di- 
methy! D-xylose (1 part), 3-methy! p-xylopyranose (4 parts), 2-methy!] p-xylopyranose (1 part), 
and p-xylopyranose (2 parts). Thus, though we have in each case the same type of highly- 
branched structure considerable differences in detail are evident. Approximately the same 
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proportion of end-groups is present in each case, but in PII the amount of arabinose derivatives 
is doubled at the expense of the xylose derivatives. Again, PII appears to contain a much 
be ideutided in Pl, thoagh ft wes lousd in the 1 : 4-linked p-xylose, present in PII, could not 


. Finally, wSeohanenen @aivetans at ateaaees nor the unknown hexose, obtained from 
PI, were isolated from Pi. Thus, Pl_and PI! are to be regarded as distinct polysaccharides ; 
it may well be that each of these is in itself a mixture of closely-related polysaccharides, but 
there is no evidence that they could be mixtures of relatively simple xylans and arabans 
constituted from single sugar units. The relatively high yield of t-arabinose obtained on the 
hydrolysis of PII, its correspondence with the yield of trimethyl methylarabof 
obtained on methanolysis of the methylated polysaccharide, and the failure to detect any partly 
methylated L-arabinose derivatives in the hydrolysis of either methylated PI or methylated 
PII prove that the arabinose units occur as end groups as, for example, in gum arabic (Smith, 
J.. 1940, 1035) and are not derived from an associated araban. 





rome Rete 
unless otherwise stated. 


austively extracted with evapora: dryness. 

Preparation of P11.—Produact PI was removed from the seeds by — (Part LI, doe. cit.), and 
the seeds were washed continuously with cold water until no more 
was then extracted with hot water (90—05"), and the hig viscous 
through muslin. The filtrate, on cooling, Sl elercen 
eee a bed clk eee ok nine ankles cee as beer dy tes 
product was dried with ethanol and ether and in “vat, MS apg we ae ‘ce. : 
titration, ce. 4000; uronic acid, ca. 3% fenton 
on treatment with sulphunc acid). 
ash (as sulphate, 1-83%,). 

Hydrolysis of PIT with Oxalic Acid. —The dry mucilage (1-602 g.) was hydrolysed with oxalic acid 
(3%; 75c.c.) at 100°. [e)}f was —11* (1 hour); Be. pt tt +25" : : 
+40" (52 hours, constant). A larger quantity (46-92 g.) was hy 
insoluble residue (1-43 g.) was removed and the te neutralised wi 
evaporated to 200 cc. This solution was filtered into ethanol (2 1.) to give a white barium salt ( 
(0-19 g.). Evaporation of the alcoholic solution yielded a = ET. {S) (43-5 g.). The salt 
showed Ba, 15-4% and [a]jf +39° in water (c¢, 1-0). Syrup S crystallised. Trituration of the 
mixture ( 22-47 g.) with glacial acetic acid gave D- (7-02 g.) which, on from ethanol 
showed m. p. and mixed m. p. 140° and “e+ * ft to +20° after 4 hours in water and yielded 
xylosazone, m. p. and mixed m. p. 157° sees & a Mga ryan Tag ae (S") 
(15-46 g.), a of which was treated with phenylmethylhydrazine. No precipitate of galactose 
phenylmethy ydrazone was obtained 

re S’, on treatment with diphenylhydrazine, yielded t-arabinose Seana. m. p. 194° 

on admixture with an authentic specimen, in an amount corresponding to the presence of 
14 142% of anhydroarabinose in the mucilage 

Paper chromatographic investigations of S’ indicated the presence of xylose and arabinose along with 
a trace of 

Acatylation — The product PI  ¢) was moistened with ethanol and dispersed with shak 
pyridine (750 c.c.), and acetic anhydride (500 c.c.) was added slowly with continuous stirring. 
mixture was then heated at 100° for 3 hours and left at room temperature for a further 48 hours, whereafter 
the acetate was precipitated by mao the mixture into water (10 1.) and washed thoroughly in running 
water till free from pyridine : g. (Found: CH,CO, 30-90%). The properties of this material 
were unchanged on reacetylation 

Methylathion.—The acetate was methylated directly in three 20-g. portions with methyl sulphate and 
sodium hydroxide as described in Part III (Joc. cif.), each portion receiving four methylations. The 
products were combined and dissolved in chloroform, the solution was dried (Na,SO,), and the methylated 

saccharide fractionally precipitated by the addition of light petroleum (b. p. 40-60"), to give the 

listed in the table 


Fraction. Vield, g. 
A 20-0 
B 10-0 
c 14 
© ¢’ is the concentration in g.-mols. of methylated anhydroxylose residues per 1. 


Fraction C was obtained by Orgs ot Oe ee ee Ss ae 
trituration with hght petroleum properties of A and B were unchanged on further methylation 
Neither A nor B, not C contained any appreciable amount of uronic acid. 
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Hydrolyss of the Methylated Polysaccharide —Fraction A (16-7 g.) was hydrolysed with methanolic 
hydrogen chloride (3%; 356 «.c.) for 21 hours at 60". After neutralisation with silver carbonate, 
filtration, and evaporation, a non = samp pr (21-1 g.) was obtained. 

Fractionation by Solvent F xtraction - above syrup (20-4 ¢.) was dissolved in water (50 «.c.) and 


extracted with light petroleum (b. p. 34-—40") for 16 rs to give fraction I (9-725 ¢.), wif 1-4423 
Extraction with the same solvent for a further 210 hours gave fraction II (3-207 g.), »ff 14577. The 
residual aqueous solution was then extracted with chloroform for 20 hours to yield fraction Lil (6-571 g ), 
of 14722. Evaporation of the residue gave fraction IV (0-888 g.), gif 14840. Recovery was 100% 
Hydrolysis and Fractionation of Fraction B.—Fraction B (91 g.) on methanolysis as above yielded a 
eyrup (10-1 g.). Separation of the glycosides was again effected by solvent extraction Thus, the 
syrup (8 “t ) yielded, with light petroleum, fractions V (14 hours) (3-044 g.), qj? 1-4413, VI (+ 7 hours) 


(Bei g.), 1-4545, and VII (+ 90 hours) (0-745 ¢.), »]? 1-4580. Chloroform gave fraction VIII (17 hoars) 
2-655 ¢.), off 1-4675, and evaporation of the aqueous residue furnished fraction IX (1-375 g.), »j? 1-4683. 
Sonevey was 8920 ¢ (00-7° 

Fsamination of Fraction Fraction I (9-04 g) was hydrolysed with nitric acid (2%; 150 cc.) at 
100°. (aljf were +19" (1 hour); +7° (3 hours); +4° (6 hours, constant). Neutralisation with barium 
carbonate, filtration, and evaporation of the filtrate left a remdue which was exhaustively extracted with 
boiling acetone. The acetone extracts were combined and evaporated to yield a reducing syrup (6-97 g.) 
Several crops (total, 2-43 g.) of crystalline material were removed during a prolonged period, which on 
recrystallisation from ether gave trimethyl a-p-xylopyranose, mp. and mixed m. p. 92°, (a)ff 
(2 minutes), + 33° (30 minutes), + 19° (2 hours, constant) (c, 1-43 in water) (Found: C, 50-2 
OMe, 47%. Cale. for C,H,.O,: C, 500; H, &4; OMe, 484% With alcoholic aniline the character- 
istic trimethy! p-xylose anilide was obtained (Part LIL, Joc. cat.), m. p. and mixed m. p. 98° and (a)? 

84° (4 minutes), — 70° (45 minutes), — 44° (90 minutes 34° (345 minutes), + 47° (24 hours, constant) 
(¢, ®32 in ethanol The residual syrup (3-48 ¢.) was examined on the paper chromatogram which 
indicated the presence of trimethyl xylose and/or trimethy! arabinose, along with traces of other 
components 

Attempted Separation on a Column of Cellulose The residual syrup (cf. preceding paragraph) (3-40 g.) 
was fractionated on a column of cellulose (15 }-2’ Hough, | Aamed and Wadman, /oc. eit.), the 
eluent being light petroleum (b Pp 100--120°)butanol (7 . 3) saturated with water. Four main fractions 


were collected leg, a 10” (¢ 2-67 im water i) 113g. « My 1! , 3-25 in water iti) 


0-65 g., [a)}} —5° (c, 1-57 in water) (these three gave spots on the paper chromatogram corresponding to 
trimethy! xylose and or trimethy! arabinose) iv) 0-27 g., obviously composed of less fully methylated 
materials. Kecovery was 205 g. (87% Syrups (i), (ii), and (iti) were recombined (2:30 g.), dissolved 
in water, and oxidised at room temperature with bromine till non-reducing (4 days After treatment 
with silver carbonate and hydrogen sulphide, evaporation gave a syrupy product which was fractionally 
distilled to give (2) 106 ¢., b. p. 95-—105° 0-01 mm., »}? 1-4496 (Found : OMe, 48-4. Calc. for C,H,,0, 
OMe, 48-9%,), and (6) O82 ¢., b. p. 105-125 ah 1-4561 (Found: OMe, 47-6% Portion (a) showed 
af 25° (5 minutes 24° (1 hour 21° (31 hours 14° (100 hours), 11° (200 hours), 10” 
318 howrs, constant) (c, 3-14 in water Portion (a) (62-8 mg.) required 5-50 ¢.c. of 0-0565n-sodium 
hydroxide for neutralisation to phenolphthalein (Cale. for C O,: & 84 c.c.) and on treatment with 
methanolic ammonia yielded crystalline 2.3: 5-trimethyl honamide On recrystallisation (ethyl 
acetate) this showed m. p. and mixed m. p. 136° and ‘a)j? +21 1-41 in water) (Found: C, 460; H, 
$05, N, 605; OMe, 43-7. Calc. for C,H,,O.N: C, 463; H, 83; N, 68; OMe, 449% Portion 
t owed [af 9 (5 minutes 8° (4 hours 4” (29 hours + 3° (100 hours -6° (200 hours, 
constant , 3-451 in water 34-6 mg. required 2-95 « of 0-065465n-sodium hydroxide for neutralisation 
Cale. for C,H,,O,° 321 It gave a syrupy amide, (a)}f +35 , 204 in water Portion (0d) 
partly crystallised when kept, to yield 2: 3: 4-trimethy! xylopyranolactone, m and mixed m. p, 50° 
(Pound: C, 50-6, H, 745; OMe, 461. Cale for C,H,,O,: C, 50-6; H, 7-4; OMe, 48-9% 

Examination of Fraction 11.—-Praction II (3-20 ¢.) was hydrolysed with nitric acid (2%: 100 « at 
1 a) + 28° (1 hour 22° (2 hours 16° (4 hours + 14° (6 hours, constant Appropriate 
treatment gave a reducing syrup (2-65 g This syrup (2-5 g.) was combined with column-fraction (iv) 
from fraction | above, and fractionation effected on a column of cellulose (27 1-2") as before. This 
gave lH Olig., Reg OB, (2) 0065 g (0-88 3) 0-56 «. (0-80), (4) 0-60 &. (0-74), and (5) 0-50 c. (0-66); a 
further fraction, (6) @-14 ¢. (0-39), was obtained by washing the column with water Recovery was 
216 ¢. (764% 

Fraction (1 his corresponded to fraction | 

Fraction (2 On treatment with alcoholic aniline this yielded T° 3: 4° 6-tetramethy! p-galactose 
anilide, m. p. 189°, not depressed on admixture with an authentic specimen (Found : OMe, 39-1. Cale 
for C,,H,O,N OMe, 30-9% 

Fraction (3 The syrup showed OMe, 33-69% and ‘al 19° ‘¢ 1-35 in water On the paper 
chromatogram it gave a brown spot when sprayed with aqueous aniline oxalate and heated Oxidation 
was easily effected with alkaline hypoiedite under standard conditions (Found Ww. ise Cale. for 
C,H,.O,: M, 208 \ test oxidation on D-glucose gave M, 180 (Calc. for C,H,,0,: M, 180 Fraction 
3) favled to form a crystalline anilice 

The syrup (3) (0-118) was kept at 80° with 1° 
minutes) and -- 82° (230 minutes, constant 

Methylation —Neutralisation with silver carbonate, filtration, and evaporat 
syrup which was methylated 3 times with the Purdie reagents, and the highly 
distilled at 80°'0-01 mm. The distillate (43 mg., OMe, 581%) was hydro 
WwW ce) at 100 af} was —64° (zero time 41° (50 minutes M4 t 
methvighvoomdes Appropriate treatment gave the free sugar as a »# » (20 meg h failed 
to crystallse (mn investigation by means of the paper chromatogram th: ed one st miy at 
Re 006 No crystalline anihde could be obtained 

lactone Formation Fraction (3) (0-11 was 


HH, 
ara 


» methanolic hydrogen chlonde was 
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did not crystallixe (Found: OMe, 32-86%) a)? was -50° (10 minutes), —46" (95 hours), —36* 
263 hours), —33° (432 hours, constant) (c, 0-606 in water). The lactone (9-1 mg.) required 2408 « . of 
0-0249n-sodium hydroxide for neutralisation (Calc. for ( phe | 1-80 cc). 

Amide Formation —The above lactone was reclasmed from polarimetric solution by ev aporation and 
redistillation. A portion of this material (50 mg.) was converted into the amide. A white crystalline 
sohd was obtained, which on recrystallisation (ethyl acetate) had m. p. 131-——132° me kave a negative 
Weerman test (Found: C, 420; H, 7-7; N, 68; OMe, 300. Cale. for C,H,,O,N , 430; H, 7-7; 
N, 63; OMe, 27-86%) 

Peniodate Ovidations —The free sugar (15-2 mg_) was oxidised according to the method of Nicolet and 
Shinra (lec. cit.). No acetaldehyde was detected, whereas .-rhamnose (16-0 mg.) gave acetaldehyde in 
90% yield 

Fraction (3) (19-0 mg.) was oxidised according to the method of Reeves (loc. cit.), but no formaldehyde 
was produced. A sample of p-xylose (17-0 mg.) under the same conditions yielded the formaldehyde- 
dimedon compound (12-5 mg.), m. p and mixed m. p. 187 

Fraction (4).—This was a syrup which showed [«)}f +16" (c, 3-85 in water) and OMe, 33-7 On 
the paper chromatogram a pink colour was obtained on spraying of the spot with aniline cmaiate and 
heating 

inside Formation.—Treatment of the syrupy fraction (4) (20 mg.) with alcoholic aniline gave a 
crystalline product, which, on recrystallisation (acetone-ether-light petroleum had m. p. 158", mixed 
m. p. with 2 : 3-dimethy! p-xylose anilide, 128° (Found: OMe, 26-0. Calc. forC,,H,,O,N - OMe, 24-59%) 

Lactome Formation.—-Lactommation of the syrup (0-3 ¢.) and distillation gave a syrupy product 
21 g.) which showed [a)j) 4+30-8° (7 minutes); +38-4° (20 hours); +442° (48 hours) + 452° 

96 hours, constant) (c, 1-04 in water). A portion of the lactone was twice redistilled, but no significant 

difference in rotation figures was observed (Found: OMe, 33-6. Calc. for C,H,,O0 OMe, 35-3%). 
The lactone (20-8 mg.) required 4-80 cc. of 6-0269n-sodium hydroxide for neutralisation (calc. for 
C,HyO,: 475 ¢.c.). The lactone (41-0 mg.) was heated with sodiom hydroxide (In... 64 ¢.c) at 50° 
for 15 minutes. Water (1-5 c.c.) was added and the solution treated with periodic acid ( Reeves, foc. if.). 
This treatment gave the formaldehyde-dimedon compound (26-0 mg.), m - and mixed m. p. 188°. 
Treatment of the lactone with methanolic ammonia gave a syrupy amide, (aj) + 43° (¢, 0-63 in water), 
which showed a negative Weerman test 

Methylation.—Fraction (4) (85 mg.) was treated with methanolic hydrogen chloride (3%; 20 c.c.) 
at 80° for 15 hours, to give a non-reducing syrup which was methylated 3 times with silver oxide and 
methyl iodide. The prodnct on distillation at 80-—-100°/0-01 mm. was a highly mobile syrup (20 mg.) 
(Found: OMe, 584%). Hydrolysis was effected with nitric acid (2%; 7 ¢.c.) at 100° a)f was 

zero time); +31° (1 hour); 415° (3 hours, constant). Appropriate treatment gave a syrup 
identihed on the paper chromatogram as trimethyl xylopyranose 

Fraction (5 This crystallised completely. Trituration with acetone-light petroleum (1: 3) gave 

4-dimethyl §-p-xylose, m. p. 111°, not depressed on admixture with an authentic men ap 
13° (7 minutes) 1-5° (17 minutes): +9° (31 minutes); +19° (64 minutes); + 21-5° (3 hours) ; 

24 hours, constant) (c, 2-1 in water) (Found: C, 47-3; H, 7-76; OMe, 34-7. Cale. for C,H,,0, 

2; H, 7-0; OMe, 34-8%). Lactonisation of this material gave syrupy 2 : 4-dimethy! xylonolactone 

af —12° (15 minutes 9” (2) hours); +15° (22 hours); + 26° (46 hours) 27° (120 hours, 
onstant 1-90 in water) (Barker, Hirst, and Jones, loc. cit.). Treatment with methanolic ammonia 
gave the syrupy amide, which showed a negative Weerman test, and on oxidation with periodic acid 

gave no formaldehyde 

Examination of Fraction (6).—Paper chromatography indicated the presence of 3-methy! xylose 
only, by direct comparison with a control a)f? +23° (c, 1-52 in water) was recorded 

Examination of Fraction I11.—Fraction III (6-56 g.) was hydrolysed with nitric acid (2%; 150 «.c.) 
at 100°. {al}? was +39° (1 hour); +24° (3 hours); +19° (6 hours, constant). This yielded a reducing 
sv oy 4-02 g.) (Found: OMe . ). A fractionation was effected by means of a column of cellulose 

7” « 13) with butanol om )}—light petroleum (40%) saturated with water as eluent, to give four 
main fractions: (a) 0-05 g.., | 2: 26 ¢., (¢) 0-44 ¢.. and (2d) 000g. Recovery was 4-25 ¢. (92%) 
Fraction (a), on pone by the paper chromatogram, was shown to consist mainly of 2: 4-di- 
methyl xylose, with some 2 3-dimethy? xylose and a trace of the 2: 6-dimethy!l hexose component, 
while fractions (b and (d) showed the presence of monomethy! xyloses and /or arabinoses only 
Fraction (4) (0-80 g.) was oxidised, and distillation at 140--160°/0-05 mm. gave a syrupy lactone 
0-53 g.) (Found: OMe, 33-4. Cale. for C,HyO,: OMe, 34-86%), [o)ff +12° (6 minutes); +13-5° 
| hour); +15° (5 hours); + 24° (26 hours) ; 4B (50 hours, constant) (c, 1-265 in water). The lactone 
12-65 mg.) required 2-98 c.c. of 0-0249n-sodium hydroxide for neutralisation (Calc. for C,H,0,: 2-89.c). 
Treatment with methanolic ammonia yielded a syrupy amide which gave a negative Weerman test. 
Oxidation (of 41 mg.) with periodic acid gave formaldehyde as the dimedon compound (13 mg.), m. p 
and mixed m. p. 187 
Fraction (6) partly crystalhsed when kept. The crystalline material (1:50 g.) was separated by 
drainage on a tile and showed [a)jf +45° (5 minutes); «32° (17 minutes); + 23° (50 minutes); +19 
19 minutes, constant) (c, 1-58 in water Kecrystallisation (absolute ethanol) gave 3-methy! p-xylo- 
pyranose as hygroscopic white needles, m. p. 95", not wey ¥ on admixture with an authentic specimen 
Found: C, 42-7; H, 7-4; OMe, 210. Cale. for ¢ oH yO, , 439; H, 7-4; OMe, 18-09%). Exhaustive 
extraction, with boiling acetone, of the tile used in ene the crystalline component gave a syrw 
0-40 g.), [a)ff + 25° (c, 4-0 in water), which was oxidised to the lactone. Distillation at 160-170" /0 
mm gave 3-methy! » p-xylonolactone (0-20 g as a syrup which rapidly crystallised. On recrystallisation 

thyl acetate-light petroleum), this had m. p. 90°, not depressed on admixture with an authentic 
specimen aff +72° (zero time); + 45° (265 hours): +40° (600 hours, constant) (c, 0-88 in water) 
Found: OMe, 18-0. Cale. for C,H,0,: OMe, 19-1%). 

Fraction 22 g.), on treatment with alcoholic aniline, gave crystalline 3-methy! D-xylose anilide 

the sole product, which on recrystallisation from ethyl acetate had m. p. and mixed m. p. 137° (Found 
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C, 0; H, 7-1; N, 585; OMe, 126. Cal. for C,H,.O.N: C, 60-2; H, 7-2; N, 50; OMe, 12-0%). 

Fraction (d) (0-40 g.) er to the lactone product was crystalline 3-methy! y-p-xylono- 
lactone, m. p. and mixed m. p. 06", (ajff + 73° (5 minutes) ; ; +63° (27 hours); +54° 
(120 hours); + 48° (246 hours) ; +3 (510 hours, constant) (c, 0-685 in water he Seton (8-22 mg.) 
— 2c c. of 0-0240~N-sodium hydroxide a neutralisation (Cale. for C,H 2-04 cc.) (Found : 
C, 440; H,@47; OMe, 17-6. Cale. for C HyO,: C, 444; H, 62; OMe, 191 

Esamination of Practon IV .—Praction IV (6-68 ¢.) was hydrolysed with elerte acki (2%; 30 c.c.) at 
loo” a)if was + 41-5" (zero time); +32" (1 hour); + 18° 4 hours); + 15° (5 hours, constant). The 
solution was neutralised with banum carbonate, filt * ted to dryness, and exhaustively 
extracted with botling absolute methanol. The extracts were combined, evaporated to small volume, 
refiltered, and evaporated to dryness, to give a reducing syrup (0-70 g.) (Found: OMe, nil). 
Examination by means of the paper chromatogram gave xylose only, and the presence of D-xylose was 
confirmed by the isolation of the crystalline dimethyl acetal, m. p. and mixed m. p. 206°, of dibenzvlidene 
D- xylone 

Examination of Fraction V.—Fraction V (3-93 g.) was hydrolysed with nitric acid as before. (a)fJ was 
+ 18° (70 minutes): + 7° (3 hours); +5” (6 hours, constant). This gave a reducing syrup (3-00 g.) which 
partly crystallised to give trimethy! «-p-xylopyranose (1-50 g.), m. p. and mixed m. p. 89°. The residual 
syrep (1-08 ¢.) on bagi »er chromatogram indicated trimethyl xylose and/or trimethy! arabinose along 
with small € ts of fraction VI 

tion of hi tion Vi.—Fraction VI (0-20 g.) was hydrolysed with nitric acid. {a)f! was 
+24° (1 hour); +18-6° ry hours); 416° (6 hours, constant). This gave a reducing syrup (0-15 ¢), 
which on the paper chromatogram indicated presence of trimethyl xylose and/or trimethy! arabinose 
(trace), tetramethy! galactose (trace), 2: 6-dimethy! hexose, 2 : 3-dimethyl xylose, 2: 4-dimethyl xylose, 
and 3-methyl xylose (trace) 

Examination of Fraction ViL—Fraction VII (0-74 g) was hydrolysed with nitric acid. [a)ff was 
+24" (1 hour); +17° (2 hours); 414° (4 hours); +13° (6 hours, constant). The syrup (0-54 ¢.) 
obtained, on investigation by means of the paper chromatogram, was found to contain the same 
components as fraction II 

tamination of Fractions VIII and 1X.—-These syrups were combined and the product (4-01 g.) 
hydrolysed with nitric acid. [a)ff was +34" (1 hour +22° (3 hours); + 18° (6 hours, constant). 
Appropriate treatment gave a syrup (3-00 g.) which, on investigation by the paper chromatogram, 
diaclosed <ylose, 3-methy! xylose, and smaller amounts of 2: 4-dimethyl xylose, 2 : 3-dimethy! xylose, 
and 2 : 6-climethy! hexose 

Formi: Acid from PIl.—-The polysaccharide was oxidised with potassium periodate (Halsall, Hirst, 
and Jones, /., 1947, 1427), and the formic acid liberated was determined by titration with 0-01N-sodium 
hydroxide with the following results, ex in mols. of formic acid/g.: 0-00129 (1 day); 000182 
(3 days); 000217 (6 days); 0-00234 (10 days, constant) 

Periedate Uptake of PIL.—Product PII (ca. 04 g.) was dissolved in water (50 c.c.), and sodium 
metaperiadate (0-4m.; 25 ¢.c.) added. Portions (5 c.c.) were withdrawn at intervals, and the periodate 
content was determined by the arsenite method, with the following results, expressed in mols. of periodate 
consumed per ¢ 00312 (10 minutes); 000635 (15 minutes); 000638 (1 day); 000074 (3 days, 
constant) 
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102. The Structure of Peach Gum. Part I. The Sugars produced 
on Hydrolysis of the Gum. 


By J. K. N. Jowss. 


Peach gum on hydrolysis yields a mixture of p-galactose (5 parts), L-arabinose (6 parts), 
p-xylose (2 parts), rhamnose (ca. 2%), and p-glucuronic acid (1 part). The rate of hydrolysis 
indicates that the arabinose residues are in the furanose form; the other sugars are probably 
present in the pyranose form. Graded hydrolysis of the gum gives an aldobiuronic acid 
identified as 6-p-glucuronosido-p-galactose. Oxidation of the gum with periodic acid yields 
approximately two mols. of formic acid per repeating unit of equivalent weight 2040. Eight 
sugar residues are oxidised, of which four are arabinose, two are xylose and two are galactose 


Sampces of peach gum (Prunus persica L.) were kindly supplied from Piedmont, Italy, by 
Professor A. Nasini of the University of Turin, and from Bristol by Mr. R. Stitch. Examination 
of the physical constants of fractions of the gum indicated that it was essentially homogeneous, 
but it may be a mixture not separable by the methods in general use. Analysis of the sugars 
produced on hydrolysis of the fractions, by the use of partition chromatography (Flood, Hirst, 
and Jones, J., 1948, 1679; Hirst and Jones, /., 1949, 1659), showed that the ratio of sugars was 
»-galactose (5 parts), L-arabinose (6 parts), D-xylose (2 parts), and p-glucuronic acid (1 part; by 
difference) per equivalent weight of 2040. 1-Rhamnose (ca. 2%) was also present. The identity 
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of the sugars was confirmed by graded hydrolysis of the gum. The rate of hydrolysis of the 
sugars, estimated by chromatographic analysis on paper, showed that 1-arabinose was hydrolysed 
very rapidly, indicating that it is combined in the furanose form in the gum (cf. damson gum ; 
Hirst and Jones, J., 1946, 506). The p-xylose was hydrolysed rather more slowly than the 
arabinose, buat faster than the p-galactose, which is very probably in the pyranose form. From 
the products of hydrolysis of the gum, pure crystalline specimens of t-arabinose, p-galactose, 
p-xylose, and t-rhamnose were isolated. Oxidation of the gum with potassium 

solution led to the consumption of ten moles of periodate and the formation of approximately 
two moles of formic acid per equivalent of gum (2040), During this oxidation all the xylose and 
approximately two-thirds (4 moles) of the arabinose and two-fifths (2 moles) of the galactose 
are destroyed. These results follow from a quantitative analysis of the sugars present in the 
oxidised gum by paper partition chromatography. Some of the L-arabofuranose residues must 
therefore be linked through C,. and/or C4, because only thus will the «glycol group 
[(CH(OH)-CH/(OH)*) be absent in the molecule. The formic acid may have arisen from the 
oxidation of a p-xylopyranose, a p-galactopyranose, cf a uronic acid end group. If the p-xylose 
was an end group, then galactopyranose residues containing 1 : 2- or | : 4-glycosidic linkages 
were present in the gum. Ii the galactose residues occupy terminal positions, then xylose 
residues substituted on C,,, or C.y only must be present in the gum molecule. 
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Methylation of the barium salt of the aldobiuronic acid fraction, obtained by graded 
hydrolysis of the polysaccharide, yielded a non-reducing methylated aldobiuronic acid which was 
built up of p-glucuronic acid linked through C,,, of a p-galactose residue, since on hydrolysis the 
methylated acid gave equimolecular proportions of 2 : 3 : 4-trimethy! p-glucuronic acid (I) and 
2:3: 4-trimethy! p-galactose (II). The former was identified as the crystalline methyl ester 
of 2:3: 4-trimethyl p-giucosaccharolactone, and the identity of (11) was confirmed from its rate 
of movement on the paper chromatogram and by the formation of its characteristic anilide. 
The aldobiuronic acid is therefore composed of the same sugar residues as are the aldobiuronic 
acids present in arabic acid and egg plum gum. 


EXPERIMENTAL. 


The crude samples of gum consisted of a mixture of large and small nodules admixed with bark and 
organic debris. The gum was essentially homogeneous since nodules gave, after purification, su 
identical constants. The gum was fractionated by extracting separate nodules successively with (4) 
cold water, yielding a cold-water fraction, and (6) hot n- ium hydroxide to give an alkali- 
soluble fraction. The insoluble residue consisted of bark and inorganic material. The fractions were 
purified by prec ipitation from aqueous solution with glacial acetic acid (twice) (Bell and Young, Biochem. 
J, 1934, 28, 882). This procedure removed practically all the ash and colouring matter. The gum was 
finally precipitated from aqueous solution by addition of methanol in order to remove acetic acid. It 
was thus obtained as a white powder, initially freely soluble in water, but gradually becoming insolable. 
Drying in a partial vacuum rapidly caused the gum to become insoluble in water. The cold-water- 
soluble fraction had {a} 46° (c, 0-23 as the sodium salt in Sar (Pound : equiv., 2300; sulphated ash, 
0-4%). The gum soluble in hot sodium hydroxide had [ 47° (c, 0-22 as the sodium salt in water) 
(Found equiv., 2200; sulphated ash, 0-3%) Samples of gum from Turin and from Bristol were not 
distinguishable by physic al properties or chemical reactions 

A sample of each of these fractions was hydrolysed on the boiling water-bath with n-sulphuric acid 
for 5 hours. The cooled solution was neutralised with bariam carbonate and filtered, and the filtrate 
examined on the paper chromatogram; galactose, arabinose, and xylose were detected in each case. 
Rhamnose was nck detected until a later stage (see below). 

Juantitatine Analysis of the Sugars produced on Hydrolysis of the Gum.—-Peach gum (cold-water- 
soluble; 100-4 mg.) was hydrolysed with n-sulpbaric acid (5 ¢.c.) in a sealed tube in a boiling water-bath 
for 12 hours. The cooled tube was ned and its contents were added to a solution of ribose (41-6 mg); 
acids (including uronic acids) were then removed with Amberlite Resin IR4B, and the filtered solution 
was concentrated to about 2¢.c. Portions (0-001 ml.) of the cenphey => then oS iaees on the phen 
line of a sheet paper chromatogram, an Agla micrometer Te 
and isolated by the procedure of Flood, Hirst, and Jones (J., modited by Hirst and Jones 
(/., 1949, 1659) (Pound : galactose, 0-93; arabinose, 0- 
percentage of galactose is 38-6 calc. as C.H,O, ond thet of arabinose 37°8 and of xylose 138 cake. 0s as 
€,H,O,). A polysaccharide of equiv. 2040 and containing five galactose residues, six 
two xy residues, and one uronic acid residue average ting unit requires | galactose, 39-6 
(calc. as C,H,,0,); arabinose, 286-8; xylose, 12-90% (calc. as oe @,). Peach gum (soluble in sodium 
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hydrosue) on hydrolyse and analyses, by the method detailed above, gave a mixture of galactose, 
atalinose, and xylose Found. galactose, 40-2 (calc as C,H,.O,); arabinose, 36-4; xylose 13-6%, (cak 
as C.H,O,)). Owing to the small amount present, rhamnose was not detected in these analyses 

Ondahon of Peach Gum with Potassium Periodate Soiution.—The gum (547 mg. of neutral sodium 
salt) was dissolved in water (50 cc.) contaiming potassium chiorude (5 g.), sodium metaperiodate solution 
(0 ¢.c., @25m.) added, and the whole shaken im the dark and in an air-tight vessel. After various tame 
intervals, (245 ¢.c.) of the solution were withdrawn, ethylene glycol (excess) was added, and the 
formic acid titrated with 0-0l»-sodiam hydroxide, methyl-red being used as indicator “Found: 12-7 «cc. 
(190 howrs); 12-5 c.c. (220 and 260 hours)}. This corresponds to the production of one mol. of formic 
aid 1100 g. of gum, or approx. two mols. per equivalent of 2040 

The gum (616 mg.}, under conditions of oxidation sumilar to those described above, consumed sodium 
periodate (49 c.c.; ™.), whence | |. of m-periodate is equivalent to 211g. of gum. It follows that approx 
ten mals. of periodate are consumed _— g. of gum 

Determination of the Sugars pr on Hydrolysis of the Ovidised Gum.-—The gum (0-40 g.) was 
oxidised with potassium bing as oh Re above. Ethylene glycol was added to the solution after 
200 hours, the solution dialysed against distilled water untu iodate and chloride ions could no longer 
be detected in the solution. The oxidised product (0-3 g.) was isolated by concentrating the dialysed 
solution to ca. 10 ¢.c. and precipitating it with methanol. The product, a pale yellow powder, was dried 
ma jal vacuum at 100 

: oxidised polysaccharide (104-9 mg.) was hydrolysed by heating it with sulphuric acid (2N.; 5¢.c.) 
in a sealed tube in a boiling water-bath for 7 hours. The tube was cooled and the contents washed into a 
solution of ribose (80-3 mg.) in water. The solution was neutralised with Amberlite Resin IR4B and 
filtered. The filtrate was concentrated to ca. | c.c., and portions of the solution (0-001 ml.) were placed 
om the starting line of a sheet paper chromatogram After separation and isolation the sugars were 
determined as before Found: galactose, (e) 1-51, (6) 1-50; arabinose, (4) 0-57, (5) 0-61; ribose, (a) 4-35, 
(b) 4°45 mg.}. These figures correspond to the presence of the following percentage of sugars, calculated 
as C,H, and C,H,O,, respectively . galactose, (a4, 26-6, (6) 25-8; arabinuse, (4) 104), (6) 10-4. No 
xylose could be detected 

Hydrolysis of Ash-free Peach Gam.—-The gam (1-0 g.) was dissolved in 0-Sx-sulphuric acid (25 « 
contaming ribose (0-198 ¢ The solution was heated in a closed vessel on a boiling water-bath, and at 
intervals samples were withdrawn and analysed Found (reducing sugar calculated as hexose S74 mg 
(1 howr); 969 mg. (2 hours); 1-260 mg. (5 hours and 9 hours) 

Portions of the solution were withdrawn at intervals, cooled, neutralised with barium carbonate, and 
filtered, and the filtrate concentrated. The residual solution of sugars were analysed by the method of 
sheet paper chromatography [Found (percentage of sugars calc. as C,H,,O, and C,H,O,, respectively 
galactose, 68; arabinose, 35; xylose, 5 (1 hour); galactose, 27-0; arabinose, 37-0; xylose, 13-3 (4 hours) ; 
galactose, 38-5; arabinose, 37-0; xylose, 12-8 (9 hours Rhamnose was not detected in this experiment 

Autohydrolysis of the Gum — The ash-free gum (10-52 g.) was dissolved in water (100 c.c.), and the thick 
brown solution heated on the steam-bath for 66 hours. At intervals, samples were withdrawn and 
analysed. It was not possible to follow changes in optical rotation owing to the darkness of the solution 
Analysis on the paper chromatogram showed that arabinose was the first reducing sugar to appear in 
solution and that, after 41 hours, arabinose, xylose, and three other sugars, possibly disaccharides (their 
rate of moveme nt on the paper chromatogram was about that of maltose), were present in the solution 
After 52 hours, galactose, arabinose, and xylose couki be detected. At this stage, the solution contained 
5-44. of reducing sugars (calc. as hexose This figure remained unaltered on heating of the solution fora 
further 14 hours 

The cooled solution was neutralised with barium hydroxide solution and filtered. The filtrate was 
concentrated to ca. 100 cc. and poured into methanol (1 | The precipitated barium salts were 

clissolved in water and reprecipitated in methanol to remove reducing sugars, yielding a product (4, 
containing no free galactose, arabinose, or xylose (paper chromatogram). The methanol 
solution on concentration gave a syrup which was exhaustively extracted with boiling methanol, yielding 
an alcohol-insoluble residue (2; 1-7 g.) and soluble sugars (C; 7-5 ¢.) obtained on removal of the solvent 

Fraction (C) crystallised on trituration with methanol. The crystals (3-66 g.) were filtered off and 
identifed as L-arabinose, (a ff 105° (in water), m. p. 160 These crystals contained traces of xylose only 
as unpurity (paper chromatogram The non-crystalline residue was analysed on the paper 
chromatogram Found: galactose, 1-27; arabinose, 0-75; xylose, 0-66 mg.; whence the weights of 
galactose, arabinose, and xylose present in the syrup (3-84 g.) were 1-81, 1-07, and 0-95 g., respectively 
The presence of these sugars was confirmed by the isolation of L-arabinose benzoylhydrazone, m. p. 186°, 
ae alact me p shenyimethylhydraz ne, m. p. and mixed m. p. 186°, and dibenzylidene p-xylose dimethyl 
acetal, m. p. 210°, not depressed on admixture with an authentic specimen t-Rhamnose was not 
detected until later (see below 

The syrupy sugars (3.0 g.) from fraction (C) were separated on a column of cellulose by the method 
of Heegh, jones, and Wadman (/., 1949, 2511), using #-butanol rated with water as eluent 
Examination of the eluate showed that the first tubes contained pure L-r ich was isolated as 
the crystalline hydrate (52 mg.) after recrystallisation from acetone—me nol, x and mixed m. p 

i-} in water The next few tubes « stained b- xylose uch was obtained crystalline 
n of the solvent After recrystallisation, the product had m. | and [ap is” 
ereafter arabinose and galactose were eluted trom the column b were 
he resaiua) sugars on the column were then eluted with water, the cluate was « 
al syrupy sugars (0-52 ¢.) separated by the filter-paper strip method of Flood 
af yielding the following fractions é) arabinose, (4) galactose , (@, and (¢) sugars 
moving at arate corresponding closely to that of a disaccharide Fractions (@) and (5) were not further 
acts ¢), which had moved very slowly indeed, was arium salt and was discarded 
on bydrolysis yielded galactos lentifed by its rat { movement on the 
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Fraction (8) (1-7 g.) was hb with 0-5n-sulphuric acid (50 cc.) on the 
(elf rose to +47" (¢, 34 in acid; constant value, 6 hoars). The 
neutralised with barium carbonate and filtered. The filtrate was concentrated, and 

i an insoluble barium salt (0-6 g.) 
§.), and xylose (0-04 g.), determined 
identified by the isolation of the 
The insoluble residue of barium salt (0-8 g.) was added to the bariu 
from fraction (4) (see below). 

Fraction (4) (2-03 g.) was hydrolysed with boiling 0-1x-sulphuric acid (75 c.c.) for 12 hours: (a)p rose 
from +29° to +47°. The cooled solution was neutralised with barium hydroxide solution and filtered, 
the filtrate concentrated to dryness, and the residue exhaustively extracted with methanol, leaving a 
barium salt (1-68 g.). Concentration of the methanolic extract gave crystalline D-galactose (0-46 ¢.), 

af +80", m. p. 165". This sample of sugar contained traces of arabinose and xylose (paper 
chromatogram). 

Identification of Uromsc Acid Fraction —-The barium salts (1 g.) from fraction (4) (above) were heated 
with sulphuric acid (2x.; 25 c.c.) for 15 hours on the boiling water-bath to hydrolyse any remaining 
ohgosaccharide. The cooled solution was then neutralised (a small quantity of the syrup was examined 
on the paper chromatogram and spots corresponding to the se of glucurone and glucuronic acid were 
detected), and the sugars were converted into their methyl ethers by reaction first with methyl sul: te 
and sodium hydroxide until the solution was non-reducing to Fehling’s reagents, and then by on 
of 30% sodium hydroxide and methyl sulphate with stirring. After completion of the addition of the 
reagents, the solution was boiled to destroy sod methyl sulphate, cooled, extracted with chloroform, 
acidified, and again extracted with chloroform. Concentration of the latter chloroform extracts yielded 
trimethyl methyl-p-glucuronoside (0-42 g.) as a syrup (Found: OMe, 49-0%; wiv., 254. Cale. for 
CygH,,0, : OMe, 49-6% ; equiv., 250). mglucuronoside (0-4 g ) was hydrol with n-hydrochioric 
acid on the boiling water-bath for 5 hours, the solution cooled, and bromine water added. When the 
solution no longer reduced Fehling’s solution (5 days) it was aerated to remove bromine, neutralised with 
silver carbonate, filtered before and after the passage of hydrogen sulphide, and then concentrated to 
the syrupy 2:3: 4-trimethy! p-glucosaccharic acid. This product was esterified by boiling it with 
metl hydrogen chloride, and the solution was then neutralised with silver carbonate and filtered 
Concentration of the filtrate yielded the methyl ester of 2: 3: 4-trimethy! p-glacosaccharolactone, m. p 
and mixed m iil 

Isolation of a crystalline acid derivative. The residual barium salts (1-15 g.) from fractions (A) and 
(B) were methylated with methy! sulphate and sodium hydroxide by the procedure described above 
After completion of the methylation, the solution was coded, acidified with dilute sulphuric acid, and 
extracted with chloroform. Concentration of the extracts left a syrup (0-8 g.) which was methylated 
with Purdie's reagents and then distilled. Two fractions and a still residue were Fraction 
(1) (11g), b p. 130°/0-05 mm. w}f 1-4484 (Found: OMe, 50-0%); this fraction on hydrolysis gave 
2:3. 4trimethy! p-glucuronic acid, identified by its rate of movement on the chromatogram and by its 
conversion into the methyl ester of 2: 3: 4-trimethy! p-glucosaccharolactone, m. p. 111°. Fraction (2) 
(0-23 g.), b 200-—230°/0-05 mm., aff 1-4662 (Found : OMe, 51%; uiv., 450). Still residue (0-42 g.) 

Found : OMe, 40-3%). Fraction (2) (0-20 g.) was hydrol with 2n-hydrochloric acid (25 c.c.) 
15 hours. It was not possible to follow any change ae rotation owing to darkening of the solution. 
The solution was neutralised with silver carbonate filtered, and the filtrate treated with hydrogen 
sulphide and again filtered. The filtrate was concentrated to 10 c.c. and then neutralised with barium 
car te and hitered. Concentration of the filtrate ieft a glass which was exhaustively extracted with 
ether, leaving the barium salt of 2 : 3; 4-trimethyl p-glucuronic acid, identified as the methyl ester of 
2:3: 4-trimethy! p-glucosaccharolactone, m. p. and mixed m. p. 111°. The ethereal extract contained 
2:3: 4trimethyl! p-galactose, since a small quantity of the syrup remaining after removal of the solvent 
moved at the same rate as this compound on the paper chromatogram (Brown, Hirst, Hough, Jones, and 
Wadman, Nature, 1948, 161.720). This was cninaled by converting the syrup (0-08 ¢.; [a)}} + 87° (¢, 0-8 
in water)} into the characteristic anilide, m. p. 169°, not depressed on admixture with an au tic sample 


Tee Univeastry, Barsrtor. [Receiwed, Nowember 10th, 1949.) 








103. Colchicine and Related Compounds. Part X. 
By J. W. Coox, T. Y. Jounsron, and J, D. Loupon, 
6. 7: 8 Trimethory-3-methyinaphthalene-| : 2-dicarborylic acid anhydride (VII) has been 
ydronaphthalene 


obtained by dehydrogenation of the 3: 4-dihy derivative (V1) which, in turn, 
has been synthesised from stscelemicine and chloromaleic ——— N-Benzoylcolchinic 
anbydride, formulated by Windaus as (I1), does not behave as a dihydronaphthalene derivative 
since it has now been deamuinated to deaminocolchinic anhydride which (a) is isomeric, and not 
identical, with 6. 7. §-trimethoxy-3-methylnaphthalene-I : 2-dicarboxylic anhydride (VII), and 
(6) bas olefinic properties as shown by its susceptibility to hydrogenation with a palladium 
catalyst. Deaminocoichide also has olefinic properties. Oxidation of colchiceine and of 
N-acetylicolchinol to the same product, namely, N-acetylcolchinic anhydride, indicates that the 
size of ring B is the same in the colchinic acid as in the colchinol series of colchicine degradation 
products. 


AccorpiInec to Windaus (Amnalen, 1924, 489, 59) hyd phthalene derivatives are produced 
when N-benzoyltrimethyleolchicinic acid is oxidised with cold alkaline potassium per- 
NN 
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manganate. The two main 
anhydride, were formulated as (1) and (II), 
particularly in the structure (1), was not excluded. This interpretation accounted for the 
known facts and contributed to the conclusion that ring » of colchicine is six-membered. It 
has since been established, however, that in another series of degradation products ring 8 
occurs a8 & seven-membered ring (Barton, Cook, and Loudon, Part V, J., 1945, 176; Buchanan, 
Cook, Loudon, and MacMillan, Nature, 1948, 162, 692), and in consequence re-examination of 
the supposed hydronaphthalene structures becomes desirable. It is consistent with the 
dihydronaphthalene structure (I) that N-benzoylcolchide eliminates benzamide during 
hydrolysis or sublimation (Windaus, Sitswngsber. Heidelberg. Akad. Wiss., Math.-Nat. K1., 
A, 111, 2 Abh.). The deaminocoichide so produced was regarded as the “ trimethoxy- 
thide  (II1), and it might be expected on this basis that the corresponding acid 
anhydride (VII) would be formed either by oxidation of deaminocolchide or by deamination 
of N-benzoyleolchinic anhydride. Accordingly, the compownd of structure (VII) has been 
synthesised for reference purposes. 
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Hudson and Robinson (J., 1941, 715) recorded successful condensations of the Diels-Alder 
type between §-alkylated styrenes and cither mialeic anhydride or ethy! acetylenedicarboxylate. 
More recently Synerholm (J. Amer. Chem. Soc., 1945, 67, 345) reported good results by use of 
chloromaleic anhydride, which is satisfactorily prepared from chlorofumaric acid (Perkin, J., 
1888, 53, 695) by Walden’s method (Ber., 1897, 30, 2885; cf. von Auwers and Harres, iid., 
1929, 62, 1686). The diene component for our synthetic work, namely, 3: 4; 5-trimethoxy- 
propenylbenzene (IV), is already known as isoelemicine and was prepared by Semmler (Ber., 
1908, 41, 2186), who obtained it through isomerisation of elemicine, the naturally occurring 
3: 4: 6-trimethboxyallylbenzene. Although elemicine may be prepared from the allyl ether of 
2: 6-dimethoxyphenol (Hahn and Wassmuth, Ber., 1934, 67, 696; Pearl, J. Amer. Chem. Soc., 
1948, 70, 1746) and might therefore be used as a source of iscelemicine, we have prepared the 
latter by dehydrating the carbinol which is produced from 3: 4: 5-trimethoxybenzaldehyde 
and ethylmagnesium bromide 

A preliminary experiment showed that, under the conditions used by Hudson and Robinson, 
condensation between iscelemicine and maleic anhydride was accompanied by much 
polymerisation although the formation of (V) was indicated by isolation of the corresponding 
dibasic acid from which the anhydride itself was obtained on sublimation. The condensation 
of isoelemicine with chloromaleic anhydride was then examined in various solvents, and the 
anhydride (V1) was ultimately obtained in 45-50% yield by heating the reactants in xylene 
with the addition of quinol to inhibit polymerisation (cf. Norton, Chem. Reviews, 1942, 31, 319). 
It might be expected from the work of Bergmann (J. Amer. Chem. Soc., 1942, 64, 176; J. Ong. 
Chem., 1943, 8, 183) that condensation to the dihydronaphthalene derivative (V1) when 
conducted in nitrobenzene would be followed by dehydrogenation to the naphthalene derivative 
(VII), but in practice under these conditions dehydrogenation was not observed. On the other 
hand, when (VI) was submitted to slow sublimation there occurred disproportionation of 
hydrfgen with formation of (VII) and (V), the latter again being isolated as the dibasic acid ; 


cH 
Mer ‘*CHMe Me(h ( ‘Me MeQ” Me 
Me, 0 Met? i Me? : } 
Met) Med | 9° Me ) 9° Co 
é oo coo CO—) 
Iv) (Vv) VI VIL) 


moreover, dehydrogenation of (V1) to (VII) was readily effected by heating with palladium in 
a current of carbon dioxide. In contrast to the tetrahydronaphthalene (V), which is colourless, 
the anhydrides (VI) and (VII) are yellow and orange respectively. All three anhydrides 
dissolved in alkali to give colourless solutions from which on acidification the colourless dibasi< 
acids corresponding to (V) and (V1) were respectively obtained, but the acid corresponding to 
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(VII) rapidly reverted to the anhydride and was not analysed. The facility with which 
anhydrides are obtained from naphthalene-1 : 2-dicarboxylic acids has already been noted by 
Hudson and Robinson (Joc. cit.) and our observations are consistent with increasing ease of 
formation in the order (V) < (VI) < (VII). 

As expected, the naphthalene derivative (VII) was unaffected by exposure to hydrogenation 
conditions with a palladium catalyst, but under the same conditions an abnormal behaviour 
was shown by the dihydronaphthalene derivative (V1). This compound, dissolved in acetic 
acid, rapidly absorbed one mole of hydrogen and then, unexpectedly, slowly absorbed a second 
mole, the initial yellow colour of the solution being discharged only — the latter stage 
of absorption. Subsequent isolation of 6: 7 : 8-trimethoxy-3-methyl-1 : 2: 3: 4-tetrahydro- 
naphthalene-! : 2-dicarboxylic acid in considerable quantity showed that : is a major product 
of the reaction but the nature of the side reaction remains undetermined. The same 
dicarboxylic acid was formed by reduction of (VI) with zinc and acetic acid. 

Part of the colchicine required for degradative work was purchased from Messrs. Ransom 
(Hitchin, Herts.) as the concentrates of an alcohol extract of Colchicum seeds, and the alkaloid 
was isolated by the procedure of Chemnitius (J. pr. Chem., 1928, 118, 29) combined with 
chromatographic purification (cf. Ashley and Harris, J., 1944, 677). The derived N-benzoyltri- 
methylcolchicinic acid was prepared as described by Windaus (loc. cit., 1911) but attempted 
repetition of his oxidation experiments on this compound gave much less satisfactory results. 
Although N-benzoyleolchide and N-benzoyleoichinic anhydride were both identified, the 
smallness of the yields severely restricted the scope of further degradative work. Moreover, 
even under the experimenta! conditions which are stated (Windaus, Joc. cit., 1911) to afford N- 
benzoylcolchide, the anhydride appeared to be the predominant product. In addition to 
benzamide, benzoic acid, and probably N-benzoyloolchinic acid, which were incidentally 
isolated, two unidentified oxidation products were obtained in small quantities and have 
not yet been examined in detail. 

Therma! decomposition of N-benzoylcoichinic anhydride takes a different course from that 
described by Windaus for N-benzoylcoichide. The latter compound yields benzamide and 
deaminocolchide whereas it is now found that the anhydride yields benzamide only in traces ; 
the main product of the decomposition is a neutral nitrogenous substance to which the 
provisional formula, C,,H,,O,N, is assigned pending fuller investigation when an adequate 
supply of material becomes available. However, when heated with phosphoric oxide in xylene 
(cf. Cook and Graham, Part III, ]., 1944, 322; Cook, Dickson, Ellis, and Loudon, Part VII, 
J., 1949, 1074), N-benzoyicoichinic anhydride yielded deaminocoichinic anhydride, and this 
compound proved to be quite distinct from the synthetic 6:7 : 8-trimethoxy-3-methyl- 
naphthalene-} : 2-dicarboxylic anhydride (VII). 

When subjected to quantitative micro-hydrogenation over a palladium catalyst neither 
N-benzoylcolchide nor N-benzoylecolchinic anhydride absorbed hydrogen, although the latter 
compound is already known (Windaus, /oc. cit., 1911) to contain one ethylenic linkage which can 
be reduced by means of zinc and acetic acid. It may be recalled that in both colchicine and 
colchiceine, apart from the aromatic ring, there is one double bond which resists catalytic 
hydrogenation (Bursian, Ber., 1938, 71, 245) and a similar resistant double bond therefore 
appears to be maintained in the above degradation products. On the other hand, both 
deaminocolchide—prepared as described by Windaus (loc. cit., 1911) by hydrolysis of N-benzoy!- 
colchide—-and deaminocolchinic anhydride undergo hydrogenation with palladium as catalyst, 
absorbing one and two moles of hydrogen, respectively. The difference in the extent of 
hydrogenation is remarkable but, although it was ascertained that in each case a crystalline 
product results, shortage of material prevented further inquiry. None the less, the fact of 
hydrogenation under these conditions strongly indicates that the double bond which is produced 
in each case by deamination does not form part of an aromatic ring. In the same connection 
it may be noted that N-benzoylcolchide is not completely deaminated by six hours’ heating with 
concentrated hydrochloric acid in ethanol. The amine, colchide, is a part-product of the 
reaction and consequently survives conditions which, if it were correctly formulated as (I; H 
for COPh), should readily transform it into the aromatic structure (III). These objections to a 
(hydro)naphthalene structure in the present compounds find their counterparts in objections 
which led to revision of the (hydro)phenanthrene structure in colchinol derivatives (Cohen, 
Cook, and Roe, Part I, J., 1940, 194; Part V, loc. cit.). They suggest that the size of ring 5 
may not in fact be different in the two sets of colchicine degradation products. 

In the series of reactions by which colchiceine is converted into the dibenzeycloheptatriene 
(XI) there appear to be only two opportunities for rearrangement in the carbon structure of 
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ring B®. These opportunities occur (1) dnring the change from colchiceine to N-acetylcoichinol 
(X; RK = H), whereby ring c becomes aromatic, and (ii) in the deamination of N-acetyicoichinol 


Metx CM NMAC Meo C,H NHAc Met 
Met % “ bd ‘ Mets Met 


Med | } on LOH MeO 
) COM 


(vill IX (XL) 


methyl ether (X; K « Me) ——» (X1}. The available evidence makes it rather unlikely that 
the size of ring & is affected at either stage. In particular, as discussed in Parts I, V, and VII, 
it is highly improbable that the deamination step involves expansion of a six- to a seven- 
membered ring. The process by which ring c becomes phenolic is more obscure, but in terms 
of Dewar's tropolone formula (VIII) for colchiceine (Nature, 1945, 155, 141) the change may 
proceed through (IX) and ultimately to (X; R <— H) without involving ring ». This change, 
however, is still without analogy among other tropolone compounds, where aromatisation 
generally leads to a derivative of benzoic acid rather than of phenol. It is of considerable 
interest, therefore, that by means of alkaline potassium permanganate we have now been able to 
oxidise both colchiceine and N-acetylcolchinol to the same product, namely, N-acetylcolchinic 
anhydride which Windaus (Joc. cit., 1911) had already obtained from the first-named source, 
although he does not record analytical figures. The possibility of molecular rearrangement 
during the course of these oxidations cannot be excluded. Indeed, the preparation of N-acety!- 
colchinol from colchiceine involves oxidation—by hypoiodite, followed by reduction of the 
imtermediate N-acetyliodocolchinol (Windaus, Sitzwngsber. Heidelberg. Ahad. Wiss., Math.- 
Nat. K1., A, 1914, 18 Abh.), or by hydrogen, peroxide (Santzavy, Chem. Listy, 1949, 48, 156)— 
in an alkaline medium and the course of oxidation with permanganate may well be similar 
Even so, unless invalidated by the renewed incidence of rearrangement, the conclusion follows 
that the carbon structure of ring B is the same in colchinol as in colchinic anhydride. 

In general, therefore, the results described serve to unify the problems relating to the 
structure of ring B in the two main series of the alkaloid’s degradation products. Questions of 
detailed structure in individual compounds remain unsettled and to these we hope to devote 
car attention 

EXPERIMENTAL 

3 4: 5-Trimethoxyphenylethylcarbinol.-A solution of 3: 4. 5-trimethoxybenzaldehyde (20-3 g.) in 
anhydrous ether (400 c.c.) was added with cooling and stirring to the Grignard reagent prepared from 
ethyl bromide (20 ¢.), magnesium turnings (45 ¢.), and ether (40 c.c.) After 16 hours at 0°, the 
mixture was treated with a saturated aqueous solution of ammonium chloride. The ethereal layer 
combined with ethereal washings of the aqueous layer, was washed with water, concentrated, and 
shaken with aqueous sodium hydrogen sulphite which removed a little unchanged aldehyde. The 
carbinol, obtained by evaporating the solvent from the washed and dried ethereal solution, was a 
viscous, pale yellow hquid (23-15 g.). 

ino lemicine.-The carbinol, to which a crystal of iodine had been added, was heated under 
distillation conditions at diminished pressure and with a tower of sodium hydroxide pellets in the circuit 
to trap uncendensed vapours. Vigorous effervescence occurred at relatively low temperatures and 
ssoclemicine (85-87%) was collected up to 150°/0-4 mm., was redistilled, showing b. p. 110— 
115° 04 mm. (Found: C, 68-9; MH, 7-7. Calc. for Cy,H,,O,: C, 692; H, 77%), and identified as 
the dibromide, m. p. 92-93" (Found: C, 305; H, 45. Calc. for C,,H,,O,Br,: C, 301; H, 435%) 
(Semmiler, Joc. cif., gives m. p. 89—90"). Prepared in this way, the product was only slightly yellow and 
was accompanied by a small higher-boiling residue which afforded a second fraction, b. p. 204° 04 mm 
as a yellow resin with violet fluorescence. 

Less satisfactory yields of sscelemicine were obtained by heating the carbinol for 30 minutes at 160 
with (#) dehydrated alum and some crystals of quinol (yield 46%) (cf. Barnett and Lawrence, /., 1935, 
1104) of (6) potassium hydrogen sulphate (yield 63%), whilst (c) with phosphoric oxide in boiling xylene 
or (4) with thiony! chloride in cold dry pyridine (cf. Ellis and Petrow } , 1939, 1081) the vields were very 
oor. In all of these cases the ether-soluble product, after distillation of iscelemicine, gave a high 
Podling resin which in case (6) was heated for | hour at 140° with anhydrous oxalic acid and, alter 


recovery in ether and washing with alkali, aflorded a viscous fluorescent distillate, b 4 200° 0-1 mm., 


which crystallised from hight petroleum (b. p. 60-80") as colourless needles, m. p. 187 
H, 7-6%), and was probably a dimer 

6 7: & Trimethony-3-methyl-1 | 2 3: 4-tetrahydromaphthalene-1 : 2-dicarboxylu Acid and is An 
hvdrede (V) A solution of tscelemicine (0-328 ¢.) and maleic anhydride (0-773 g.) in xylene (5 cc.) was 
boiled ander reflux for 8 hours and then left at room temperature for 2 days. Xylene and malex 
anhydride were distilled off (up to 70°'06 mm), and the residue, treated with ether, afforded an 
amorphous solid which was again heated (at 130°'0-1 mm.) to remove volatile material. Thereafter 
crystallisation from acetic acid gave the acid as colourless plates, initially melting at 197—198° but 
reverting on storage to m. p. 181-182" (Found. C, 502, H, 63. C,,H,O, requires C, 59-3; H, 


round; C, 69-1; 
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“3%: when melted at - ee en ho ae mm. the 
Hh oa. Cull gOg ruiz C, 62; H, 5-9%). , 


acid 
(b. p. 60—80")) (Found: C, 63-0; 


Ge er ayn Yet ie Fee Snr 
anhydride ( oui care ated at 
and chioromales ‘untilled 
(up to 61°/1 mm.) and the Se csced Catan cahenilin Golan kere 
SER ae a rn eee &. 26%), m. p. 132—135° [from ether-tight 


~_— ph Eager of tecthemiten hth ad, dinommabts eotwldhe thal. eaten 18 cc.), and a few 
cepts of akan eke haute cack ook tr th hoe From the clear solution, af 
there were distilled off (i) xylene under water-pump pressure and (ii) a mixture of chioromalec 
<n eS Pp lo 0-3 mm.) from which the latter (0-218 eS 
with alkali and redistillation. The non-volatile when t her afforded yeliow needles 

- p. 134—135° [from ethertight petroleum ~. p. -—-60")) (Pound: C, 
CygH, Og requires C, 63-2; H, 5-3%), and on concentration of the ethereal mother- 
separated crystals of of chlorofumaric acid (0-5 g.), m. p. and mixed m. p. 1906-191", and 
acidification yielded an impure sample (0-126 g.) of the 
by (VI) with 10% aqueous 
sodium hydroxide, followed by acidification of the cooled solution; it colourless crystals, m. 
146-147" (effervescence) (from acetic acid), and to retain solvent in the crystal (Fou 
C, 56-7; H, 56. C,gHyO,,C HO, requires C, 565; H, & 8%), but gave the correct tical 
and same m behaviour—after crystallisation from water (Found: C, 506; H, 5-5. Coll yO: 
requires C, 50-6; H, 5-6%) 

When rapidly sublimed (} hour) at 200°/0-1 mm_., the acid yielded the anhydride (VI), m. p. and 
mixed m. p. 135°, but on slower sublimation at 190—200°/18 mm. the later fractions of the sublimate 
gave the dehy drogenated anhydride (VII), m. p. and mixed m p. 190-192" (from acetic acid), whilst 
the mother-liquor on storage slowly deposited colourless plates of 6: 7: §-trimethoxy-3-methyl- 
1: 2:3: 4-tetrahydronaphthalene-1 : 2-dicarboxylic acid, m. p. end mie) &. 208° and 208-210", 
respectively (effervescence). The same acid was obtained when a solution of the anhydride (V1) in 
acetic acid was heated for 3 hours at 100° with an excess of zinc dust, dan gredect being seseverné foem 
the filtered solution and purified a7 gemees ee ee 

6. 7: & Trimethory-3-methyinaphthalene-| : 2-dicarboxylic Anhydride (VI1)— anhydride (V1) 
0-71 g.), mixed with palladium (0-19 g.), was heated in a slow stream of dry carbon dioxide at 230—240° 
for 14 hours. The product, which had partly sublimed, was recovered in ether and formed yellow 
needies, m. p. 194-—-194-5", from ether (Found : C, 63-8; H, 325. CyH,,O, requires C, 63-6; H, 46%) 
The anhydride was regenerated by dmsolution in alkah and acidification 

Isolation of Colchicine.—A concentrated ethanolic extract of Colchicum seeds (333 g.; from Messrs. 
Ransom), diluted with water (450 c.c.), was heated with paraffin wax (75 g.), and the hquid mixture, 
alter vigorous stirring, was cooled, the solidified wax layer was lifted off, and the aqueous la was 
re-treated with fresh wax (75 ¢ The wax layers were extracted with boiling water (3 « 100 ¢.c.), 
and the total pene, solution was mixed with “ Hyflo mga (100 8). 

a pre-coat of * the filter-bed was well washed. The « 

acid-free Ft my (12 x 200 cc.) which, after being dried (K,CO,) and consenteaned. atiorded a 
brownish-yellow syrup. A solution of the syrup in chloroform m (150 ¢.c.) was passed through a column 
of alumina (25 x 3-5 cm.; from B.D.H.; saturated with ben ) which retained much adsorbed 
material in several distinct zones (still under examination), and the colchicine was eluted by continued 
passage of chloroform until the eluate, initially yellow, became colourless and left no residue on 
evaporation. The recovered syrup was dissolved in ethanol which was then distilled off, the process 
being repeated thrice to ensure removal of chloroform. The final residue crystallised from ethyl 
acetate in fine colourless needles of mp. 14%—150° raised by renewed chromatography to m. p. 155°; 
a 4 119-9", («4 167-8" (¢ ~ 0-878 in chloroform) 

N-Benseyicolchints Anhydride —A solution of N-benzoyltrimethylcolchicinic acid (3-24 g.) in 3% 

aqueous potassium hydroxide (32 c.c.) was treated (20 minutes) under cooling with 4°, potassium 

rmanganate (208 c.c.). After 12 hours the mixture was acidified with sulphuric acid and clarified 
»y a stream of sulphur dioxide. A chloroform extract yielded an « e syrup which was dissolved in 
ethyl acetate, the solution was shaken with en sodium cakeaate (which extracted acidic 
material including some benzoic acid), washed, concentrated. When rubbed with benzene the 
residue afforded a brown solid (A) (0-477 g.), m. p. 193° (from benzene), and the benzene mother-liquor 
when passed through a short column of silica gel and eluted with benzene yielded (a) in the first colourless 
eluate, a few crystals of benzamide, m. p. and mixed m. p. 127°, and (6), in the yellow eluate, the 
anhydride, m. p. 201-—-202° (Windaus records m. p. 207"). Solid (A) when similarly afforded 
the anhydride as rec ular yellow ya. m. te 201—202° (Pound: C, 653; H, 48; N, 36. Cak 
for Cy,H,,O,N : C, 65-25; H, 5-0; 3-3%). Recrystallisation from chloroform-ethy! acetate (1: 1) 
gave the compound as flat rectangular bat. m. p. 211-212" 

In course of exploratory experiments on the purification of solid (A), combined benzene mother- 
liquors were passed through a column of alumina (B.D.H.) on which, however, adsorption was rather 
strong. Elution with benzene gave (i) a faintly yellow eluate which on concentration aflorded stout, 
almost colourless crystals of a neutral substance (B), m. p. 164° (from benzene), recrystallising as 
erase pores ye ys eS OL ek COU vemeies Vay hee? sie N, nee 
Cy,H,,O,N requires C, 60-4 + 3-9%,. 1H pO, requires C, 60-05 

: yellow eluate, from which on concentration some wes crystallised, 


nay m. p. and m. p. 
127-5 











Sublimation of N-Bensoyleolchinu: Anhydride -—-When the anhydride (0-09 g.) was heated at 220— 
230°, 18 mm im a sublimation apparatus the melt bubbled vigorously for about 30 minutes, and the 
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- sublimate at this stage crystallised from benzene as a mixture of radiating yellow needies 
gd eae! as the result of splashing) and a few colourless 
tes of benzamide, micro-m raised to 124-126° by admixture with an authentic 
, Collected 


semi-crystalline gum 
ellow needles, 
microm. p. 196-206" (effervescence) (from aqueous acetic acid). These are proba secondary 
products and await further investigation 
Deamimocolkkhamc Anhydride —A hot solution of N-benzoyicoichinic anhydride (90 mg.) in purified 
xylene (8 ¢ c.) was treated with oxide (250 mg.), and the whole was heated under reflux for 
2) minutes. The hot solution was ted from the red gelatinous phc residues which were 
then washed (4) with fresh boiling xylene (2 x 6.c.) and (6) with boiling ch (3 =x Bcc). The 
combined and cooled xylene solution was again decanted from a shght deposit of ted anee e substance 
and was then concentrated at 18 mm. The cooled conc ted golden-yellow 
ae ee 9 ee = p. 170—171° i -_-- light potraioam (D. p. ms o— 80°) (Found ; 
C, 6346; H, 47 Cres Oo 63-6; H, 46%). A further «mall quantity of the same substance 
was recovered from the ieee a washings (b) It was only slowly affected by cold, but dissolved in 
hot, dilute alkali giving a colourless solution 
Hydrogenation. —The product (5-36 mg.) in acetic acid (4 ¢.¢.) and in presence of palladium black 
absorbed 0-00 c.c. of hydrogen at 20°/760 mm _, corresponding to 2:1 double bonds. There was recovered 
from the still faintly yellow solution a gum which crystallised from benzene-light petroleum (b. p. 60-— 
80°) as needies of micro-m. p. 108-110 
N-Hensoyleolchide-A solution of N-benzoyltrimethylcolchicinic acid (7 g.) in 2% potassium 
hydroxide (70 ¢.c.) was treated at 0—3° with 4% potassium ey ee (350 c.c.), and after 4 hours 
the manganese dioxide was Gitered off and washed (i) with boiling water, the aqueous filtrates being 
corabined, and (ii) with bethng ethanol, the (most) solution on concentration affording a gummy solid 
in aqueous suspension. Separate extraction of the filtrate (i) and suspension (1) with chloroform gave, 
alter drying and recovery, brown ye solids (0-168 g. and 0-454 ¢., respectively), whilst, after 
concentration of the filtrate (i) to small bulk under reduced pressure and in a stream of carbon dioxide, 
renewed extraction afforded a further quantity (0-017 g.) of a similar solid. Attempts to purify the 
various fractions by selective extraction with ethyl acetate (cf. Windaus, loc. cit.) failed, and the combined 
material was disselved in much benzene. transferred to a column of silica gel, and eluted with benzene 
Comeentration of the faintly yellow eluate afforded a muxture of colourless plates and needles, which was 
separated by fractional crystallisation from benzene-methanol into (i) benzamide, m. p. and mixed 
m. p. 127°, and (ii) N-benzoyleoichide (0-143 g.), micro-m. p. 236° (Windaus gives m. p. 239°). Final 
elution of the column with methanol gave a brown residue (1-237 g.) recoverable from the eluate, 
but attempts to purify this material or to obtain from it crystalline hydrolysis products were 
unsuccessful 
The manganese dioxide was added to the aqueous concentrates, and the acidified mixture was 
clarified by a stream of sulphur dioxide before being extracted with chloroform. The extract was 
washed with 2% sodium carbonate (which removed resinous acidic material; 1-805 g.), dried, and 
comeentrated A solution of the residue (2-3 g.) in benzene was separated on silica gel into an u 
bright yellow section (brown in ultra-violet light) and a lower colourless section (yellow in ultra-violet 
light). Separate elution with benzene, followed by concentration, gave (i) colourless rectangular 
plates (6-040 g) probably of N-benzoyicoichimic acid (arming from incidental hydrolysis) since they 
melted and eflervesced at 182° with formation of the anhydride and were also formed from the anhydride 
by dissolving the latter in alkah and acidifying the solution; (ti) yellow rectangular plates (1-432 g) 
of N-benzoyleolchinic anhydride, m. p. 194-—196°; and (iti) unidentified stout prisms of micro-m. p. 201°, 
which were soluble in hot alkah 
Deaminocolchide and Colchide Picrate A solution of N-benzoyleolchide (0-078 g.) in 95% ethanol 
(3-5 o.c.) and concentrated hydrochloric acid (3 c.c.) was heated under reflux for 6 hours. The ethanol 
was distilled off and water (3 cc) was added. After 24 hours the precipitate was collected and shaken 
with ether, unchanged N-benzoyleoichide (0-027 g.) remaining undissolved (and being re-treated 
Deaminocolichide (0-014 g.), micro-m. p. 130° (from aqueous ethanol) (Windaus gives m. p. 138"), was 
recovered from the ethereal solution and was shghtly augmented by material recovered from an alkali- 
washed ethereal extract of the aqueous mother-liquor. Concentration of the aqueous mother-hquor 
and addition of aqeeous pe tic acid gave colchide picrate, micro-m. p. 160-—161° (Windaus gives m. p 
165°). Anomalous hydrolysis results were obtained in one experunent where, instead of deaminocoichide, 
colourless crystals of microm. p. 153-155" (from aqueous ethanol) were isolated. This substance 
was distinct from the oxidation product, micro-m. p. 157°, of N-benazoyltrimethyleolchicinic acid and 
it was not again encountered 
Hydrogenation \ solution of deamimocoichide (3-59 mg.) in acetic acid (4 ¢.c.) in presence of 
—— black absorbed 0-310 ¢.c. of hydrogen at 18-8° 751 mm., corresponding to 1-03 double bonds 
he product, recovered from the acetic acid solution, formed colourless prisms of micro-m. p. 79—81 
from aqueous ethanol 
N-Acetyleolchinue Anhydride — (a) A solution of colchiceine (2 g.) in 3% potassium hydroxide (25 c.c.) 
was treated during 9 hours at O° with 4%, aqueous potassium permanganate (150 c.c.). After a further 
12 hours the mixture was acidified sulphur dioxide was passed in to dissolve the manganese dioxide, and 
the whole was extracted with chloroform. The brown gum recovered from the chloroform was 
extracted with benzene, the solution was passed through a column of silica gel, and the yellow section of 
the resulting chromatogram was eluted with benzene After renewed chromatography, concentration 
of the yellow eluate afforded a minute quantity of colourless nodules, micro-m. p. 200° (not further 
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pete, sind othe eae oun ene aut. The latter afforded N-acety!- 
colchinx anhydride, mucro- qr= 9 ether) (Found: C, @ 15; H, 49. Cake 

C,,H,,O,N : C, 50-8; H, 33% indaus, joc. cif., 1911, records (macro-) mp. 201°) 

BA solution of N- chinol (0-4 g) in 3% potassium ydroxide ( cc.) was titrated at 20° 
m course of 48 hours with 4% potasssam (2384 cc) of the 
colour, at first rapid, was later very slow manganese dioxide was filtered off with 
hot water and then with boiling ethanol, the a ne, warns ae ee SS Sa 
filtrate, which was then acidified and extracted with The recovered brown gum was 
dissolved in benzene-chioroform (! : 1), and the solution was passed through a short column of silica 
from which the yellow eluate on evaporation afforded clusters of yellow needles, micro-m p and mixed 
m. p. with the product from («) 184-185". 


We are glad to acknowledge our indebtedness to Mesars. | Chemical Lodustries Limited 


Mr. J. M. L. Cameron 


University of Giascow Receiwed, Nowember 18th, 1949 





104. The Low-temperature Polymerisation of isoButene. Part 11.* 
By P. H. Prescn. 


The polymerisation of sselutene in hexane solution by titanium tetrachloride with water and 
trichloroacetic acid as co-catalysts was investigated at temperatures between — 00" and 0°, by 
an adiabatic technique. The kinetic data, which are of a preliminary nature, show that the 
reaction is of the first order with respect to the co-catalyst. There are indications that the 
activation energy of chain initiation is probably less than 4 kcals. ‘mole and that the activation 
energy of chain termination may be as high as 10 kcals./mole. This is interpreted in terms of the 
rearrangement of the ion pair at the growing end of the polymer chain when termination takes 
place. Analytical data indicate that the co-catalyst may be built into the end of the chain at 
termination. The polarised-molecule theory is shown to be inapplicable to this system, and 
the carbonium ion theory is develc The $-shaped reaction curves obtained under certain 
conditions are explained in terms of a slow build-up of the concentration of growing chains 


Tue polymerisation of isobutene at low temperatures by Friedel-Crafts catalysts has been the 
subject of numerous investigations, which have been reviewed recently (Heiligmann, /. 
Polymer. Sci., 1949, 4, 183; Plesch, Research, 1949, 2, 267; Proc. Roy. Dublin Soc., Symposium 
on Friedel-Crafts Polymerisations, in the press), In this laboratory we have mainly used 
titanium tetrachloride as catalyst (Plesch, Polanyi, and Skinner, jJ., 1047, 267, who 
quote also Seymour, Thesis, Manchester, 1943; A. G. Evans ef al., Nature, 1046, 157, 102; 
Plesch, Nature, 1947, 160, 868) and the outcome of the early work with this halide and of parallel 
work with boron trifluoride (Evans, loc. cit.; A. G. Evans, Meadows, and Polanyi, Nature, 
1947, 160, 869; Evans and Polanyi, ]., 1947, 252; Evans and Meadows, ]. Polymer Sci. 1949, 
4, 359) was the conclusion that in these reactions a third component, called the co-catalyst, was 
essential. It was found that atmospheric moisture acted as such a co-catalyst. The reactions 
by means of which this effect was investigated at low temperatures were carried out adiabatically 
in hexane solution and were followed by recording the temperature rise caused by the heat of 
polymerisation. 

When the reaction was initiated by passing a brisk stream of moist air through a non- 
reacting solution of tsobutene and titanium tetrachloride in hexane, the reaction curves (time— 
temperature plots) were always S-shaped (Plesch, Polanyi, and Skinner, Joc. cit., Figs. 3 and 4). 
Frequently it was found that a given dose of moist air would induce a reaction which would cease 
before all the monomer had been consumed, In such cases a second dose of moist air would 
induce a further reaction (loc. cit, ms. 4). Although the detailed course of the reactions was 


rough preliminary . of. 
Chem. Soc., 1940, 62, 276; Waterman ef al., Rec. Trav 
of this will be suggested in the Discussion below. 


® Part I, J., 1067, 257. 
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Although the discovery of the réle of water in these polymerisations had made clear at least 
one of the possible causes of the irreproducibility, which seemed to characterise the polymeris- 
ation of isobutene, the deliberate use of water vapour as co-catalyst had not lead to any 
appreciable degree of reproducibility in these reactions. The reasons for this are not difficult 
to find. 

Water vapour introduced into a hydrocarbon solution at a temperature far below 0° must 
form a dispersion of ice and therefore its action could not be envisaged as anything but hetero- 
geneous. This view was supported by the milky appearance of the final polymer solution 
Even if the water had been initially in a molecularly disperse form in the reaction mixture it must 
be presumed that the titanium tetrachloride-water compiex which is postulated as the real 
initiator of the reaction (Plesch, Polanyi, and Skinner, loc. cit.) would not be soluble in the mixture 
of isobutene and hexane and would tend to form aggregates. Thus the rate and extent of reaction 
would depend on the size and number of these aggregates and on the rate at which they settled 
out on the walls and fittings of the reaction vessel 
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Pia. | Adiabatic polymerisation of iwobutene (2-5 moles 1) by TiCl, (4-8 & 10°* mole/].), co-catalysed by 
water vapour, Initial rate as a function of temperature 
Fic. 2.—Masionwm rate as a function of temperature. Otherwise as for Fig. 1 














For these reasons we attempted to find a co-catalyst which would make it possible to carry 
out the reaction under homogeneous conditions. We required a co-catalyst which would 
be soluble in a hydrocarbon medium and whose complexes with titanium tetrachloride would 
also be soluble in such a medium. It was evident that no inorganic substance was likely to 
fulfil both these conditions. Investigations in these laboratories running parallel to the work 
reported here had shown that acetic acid (Evans, Meadows, and Polanyi, loc. cit.) and fert.- 
butanol (Evans and Polanyi, Joc. ctf.) are capable of acting as co-catalysts to boron trifluoride 
in the polymerisation of gaseous isobutene at room temperature, but neither of these substances 
was found to be effective as co-catalyst to titanium tetrachloride in the low-temperature poly- 
merisation of isobutene (Plesch, Nature, 1947, 160, 868). On the contrary, they were found 
to act as inhibitors to this reaction. Diethy! ether and ethanol have been reported previously 
{Plesch, Polanyi, and Skinner, Joc, cs.) to have a similar inhibiting effect. 
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Tue Paesewr Investication. 


Results. The Survey of Co-catalysts.—The qualitative results of the ch for 
co-catalysts other than water are presented in Table I. According to our views on the nature 
of this polymerisation, a substance, in order to act as co-catalyst, must be capable of forming with 
the catalyst a complex which is a sufficiently strong acid to donate a proton to the monomer, thus 
converting it into a carbonium ion. It is well known that concentrated sulphuric acid will 
polymerise isobutene to a product of low molecular weight at room temperature, but we found that 
it would not do so at low temperatures. We thought that possibly sulphuric acid might form 
with the titanium tetrachloride a complex acid strong enough to initiate polymerisation at low 
temperatures, though of course such a complex could not be expected to be soluble in hexane. 
Experiment showed that concentrated sulphuric acid did indeed act as a very potent co-catalyst 
at —80°. Since the effect might have been due to the water contained in the sulphuric acid, 20% 
oleum which could not contain any water was tried and was found to be as effective as sulphuric 
acid. The reactions co-catalysed by sulphuric acid were very violent and virtually complete, 
and the product was of relatively low molecular weight, probably not above 20,000. 





Taste I. 

ssoButene Tcl, Test 

concn., concn., substance, XxX, 

mols. / 10°* mols. 1 x fl. Effect. 
45 Conc. H,SO, Vigorous polyma. 
o oe No polyma. 
48 20% oleum Vigorous polyma 
a5 o * 

0 os Q No a 
02 to 5 CCl, CO,H in 625t065 Polymn 

hexane 


terete te te 


—i12e O¢ 


CHCYyCO,H in ia Slight indication § of 
hexane 9O° polymn., poisoning * 
CH,CrCO,H in >10* No polymn. ; poisoning 
hexane 
} Oss } 
CHyCOH in OBS . 
fee 35 " polymn.; poisoning 
8-5 
* T, is the temperature of the reaction mixture when X was added. * “ Poisoning "’ means that 
the addition of trichloroacetic acid or water vapour to a reaction mixture to which the reagent X had 
been added previously, caused no reaction, or only at a rate much smaller than that in the absence of 
i * Two separate additions of this acid to the same reaction mixture were made. * An emulsion 
of the (liquid) acid in hexane was used 


Since it was thought that other strong acids might act in a similar manner, trichloroacetic 
acid was tried, and was indeed found to possess a strong co-catalytic activity. Its acid strength 
in water is of the same order as that of sulphuric acid and it has the advantage for the present 
purpose of being appreciably soluble in hexane even at —80°. The complexes which it forms 
with titanium tetrachloride also appear to be soluble in hexane. The main part of this paper is 
devoted to the results of polymerisation studies carried out with this co-catalyst 


EXPERIMENTAL. 


Purification of Reagents.—Hexane. Commercial hexane was purified by standard methods; it 
was distilled from phosphoric oxide through a 3-{t. point column, and the fraction distilling between 
67-5° and 68-5° was collected. It was stored over phosphoric oxide until introduced into the reservoir 
attached to the polymerisation apparatus 

Titanium tetrachloride. The commercial 
of the pale yellow colour could not be . A weighed 
dissolved in the calculated quantity of pure dry hexane in the absence of atmospheric moisture, to give 
a 0-6™-solution (approx. 12% w/v). It was in batches of about 200 m!. and stored in a reservoir 
connected to the polymerisation apparatus. solution was almost colourless, clear, and free from 
deposit even after several months storage. The colour of the titanium tetrachloride was caused by 
traces of iron and chromium 

isoButene. This was a much appreciated gift from Messrs. L.C.1. (Bi ) Ltd., and was stated 
to be 99% pure. Before use it was distilled tn vaewo from about 80" to liquid-air temperature until 
the hquid was perfectly clear and free from white flocks. For the experiments an amount of tsobutene 
approximately equal to that required was collected in a roughly graduated trap, ano the exact amount 
determined by weighing. 
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Trichloroacetic acid. The commercial, pure a ee a eee 6 ee 
then diampived in heaane to give an approx. x, 1 asltion Rp 





and its strength was determined thus stored several 
without > 


used in the t series of polymerisation 

ly described 'Phesch, — and Skinner, 

which had been used for studying the co-catalytic effect of water quantities of 
ee ee eS ee ee me of the whole batch 


to the non-reacting solution of :sobutene and titanium chionde 
of the co-catalyst solution from a pipette through an ans in the 
was ascertained by control e that the amount of at 
 cdumned tp the seattion vou dusted Gas afte of the co-atalyst was insufficient to 
cause measurable reaction. 

The progress of the reaction was observed by noting the temperature of the reaction mixture on a 

tane thermometer at definite time intervals. Since the polymerisation of isobutene is exothermic 

more than 10 kcals ‘mole, the temperature changes pepe age this reaction provide an accurate 
and sensitive means of observation rr instance, the ¢ polymerisation of 7 g. of isobutene 
(0-125 mole) in 190 mi. of b gave rise of 14° in our apparatus. 

At the end of the reaction 2-3 tal “ot bos ethanol were added to the polymer solution. This 
removed the catalyst by precipitating it as a pale yellow oil, leaving a clear and colourless solution of 
polytsobutene in hexane 

Measurement of Molecular Weight —-The mean molecular weight of the polyisobutene specimens 
obtained in the course of this work was calculated from the intrinsic viscosities of their solutions in 
hexane, by means of the formala (Houwink, J. pr. Chem., 1940, 157, 15) (y) = AM*, where [») is the 
intrinsic viscosity, M is the mean molecular weight, and K and « are constants 

The intrinsic visoosity of the unfractionated polymer was determined as follows: After reaction a 
small portion of the mixture discharged from the reaction vessel was made up into an approx. 1% wv 
solution in hexane, and this was diluted, ¢g.. to}, }, and 4. The flow times of not less than three such 
solutions were measured in the usual manner in a B.S.S. 188 No. 1 U-tube viscometer at 25°, and from it 
and the flow time of the pure solvent the specific viscosity »,,. was calculated. After the timing, the 
content of the viscometer was weighed in a tared weighing-bottle, dried to constant weight (16 
at 9-110"), and re-weighed. Hence the concentration « of the polymer was found. The plot of 
tog (gp. /e} againet ¢, extrapolated to ¢ ~ 0, gave the intrinsic viscosity [»), from which the molecular 

was calculated by the above formula, with K « 3-6 « lo* and a «0-44. As these constants 
had been obtained by Flory (J. Amer. Chem. Soe., 1943, @, 372) for solutions of polyisobutene in di- 
tsobutene it was ascertained by experiment that there was no significant difference between the intrinsic 
viscosities of polytsotutene in this solvent and in hexane 

Duplicate determinations of the molecular weights obtained im this way agree to within 5%, but their 
relation to the true weight-average and number-average molecular weights is somewhat doubtful, as the 
measurements were carried out on unfractionated specimens, whereas the constants in the formula had 
been obtained from measurements on carefully fractionated polymer samples 





POLYMERISATION with TRICHLOROACETIC AcID aS CO-CATALYST. 


General.—The polymerisation of isobutene by titanium tetrachloride and trichloroacetic 
acid has been studied under a variety of conditions. It was found that the polymerised solutions 
were always much less opaque than those which had been produced with water vapour as co- 
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Adiabatic polymerssation of wobutene. Typical time-temperature curves. Catalyst: TiCl, (48 milli- 
moles). Conem. of mobuteme; A 2-5, B O62 moleil, Concn. of CCIYCOH: A 1-45, B 3-3 wnli- 
moles i. Catalyst added at ime = 0 
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catalyst, and the orange-red crystalline sediment, which had always been present when water 

Whereas the curves showing the progress of reaction with time (time-temperature curves) 
obtained with water-vapour co-catalysis were always S-shaped, the rate of the reactions induced 
by trichloroacetic acid decreased monotonically from the start, provided that the molar ratio 
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Adiabahe polymerisation of wsobutene in hexane solution by TiC], and CCL-CO,H. Conon. of isobutenc, 
10% (ee, Le, ~25 mole/200 cc), and of TiCl,, 1% (wr, Le, O8 x 10 mole/200 ce). The 
TiCl, was added at t= 0. The quantities of trichloroacetic acid added were at A 66 x 10* mole, 
B33 10 * mole, and af C 66 x 10°* mole 








Pic. 5 Fra. 6 








~ 
a 





sofn adted cc 
s 6 


cae 
* 








So 
+o 





votume of CCL 
° 


£ 
s 














’ 1 4 i i 
0 4 4 2 & so « » 
Time, minutes me, mm mules 








Fic. 5.1 he effect of varying the catalyst : co-catalyst ratio. Conon. of wobuleme 1-25 mole)l, Concn. of 
COCO 3:3 maliamoles i 

Fic. 6.—Slow addition of a solution of CC1lyCO,H (1-2 « 10°* mole jcc.) im hexane lo 200 cc. of isobutene 
solution (1:25 moles /l.) containing 48 © 107* mole /I. of TIC], 


titanium tetrachloride /trichloroacetic acid was greater than about 4 (for starting temperatures 
near — 80°) (Figs. 3and 4). For reactions in which this ratio was less than 4, the time~tempera- 
ture curves became the more pronouncedly $-shaped, the lower the value of this ratio (see Fig. 5). 

The shape of the time-temperature curve is also influenced by the rate at which the co- 
catalyst is added to the reaction mixture. By adding it at a small and constant rate, S-curves 
can be produced even in the presence of excess of catalyst (see Fig. 6). 
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When the co-catalyst is added at the usual very high rate, ¢.g., 1 mi. in less than 5 seconds 

in the presence of excess of catalyst, the reaction rate is greatest at the very start of the reaction. 

temperature readings were taken every 15 seconds, the finite time required for the 

co-catalyst to enter the mixture-——even when this is well stirred, as it always was—introduced 

a considerable ersor into the determination of the maximum reaction rate when this was given 
by the temperature rise during the first 15 seconds from the addition of the co-catalyst. 

The reproducibility of the maximum reaction rate was much greater than in the experiments 
carried out with water as co-catalyst. The reproducibility decreased as this rate increased, a 
feature which can be accounted for in terms of the finite time of mixing discussed above, and 
of the experimental difficulties and inaccuracies. Even in cases where the maximum (initial) 
rates were in close agreement, the later course of the reactions was not exactly reproducible so 
that the extent of reaction and the time required for the reaction to cease were variable for a 
given set of conditions 
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1" Tmax Conen of CClyCO,H, m///imoles/t 
fra. 7 The maximum reaction rate a8 a function of temperature. isoButene concn. 1-25 moles/i., TiCl, 
concn. 48 10°? mole 1. COICO GH commen, 6 x 10°* mole ! 
Pic. §.-The standardised maximum reacton rate R, as a function of co-catalyst concn. for three isobutene 
comems A #62, B 1-25, C 2-5 moles i TiC], concn. 48 millimoles /1 


The reproducibility of the molecular weights was considerably greater than in the experi- 
ments with water co-catalysts. The sensitivity of the molecular weight to temperature and to 
monomer concentration is probably responsible for the degree of irreproducibility remaining 
in the present experiments 

The kinetic results to be presented below must be regarded as preliminary for the reason 
that they were obtained from adiabatic experiments. None the less they provide some new 
information about the mechanism of this polymerisation. In the present investigations we 
have determined the influence of the concentrations of tsobutene, titanium tetrachloride, and 
trichloroacetic acid, and of the starting temperature of the reaction, on the maximum reaction 
rate and the molecular weight 

Variation of the Maxsrmum Reaction Rate with T emperature.—The logarithm of the maximum 
reaction rate was plotted against the reciprocal of the absolute temperature 7... at which the 
maximum rate occurred (Pig. 7 In very fast reactions this was not very well defined. For all 
the experiments represented in Fig. 7 the isebutene concentration was 1°25 moles /l. (10% v/v) 
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and the catalyst (titanium tetrachloride) and co-catalyst (trichloroacetic acid) concentrations 
were 48 « 10* and 6 x 10°* moles/l. respectively (1% and 05% w/v respectively). These 
results indicate a negative “ activation energy” of about —7°5 keals./mole for the over-all 
reaction. 
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R, as @ function of the TiCl, concen , 125 moles | 
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Effects of the Concentrations of the Three Reactants on the Maximum Reaction Rate.—While 
studying these effects it was impossibie to adjust conditions in such a manner that the maximum 
rate always occurred at the same temperature. For this reason the observed maximum rate 
occurring at an absolute temperature T,,,. 
was adjusted to the fixed standard temper- Fis. 10 
ature —75° by means of the “ activation 
energy " of —7°5 keals. /mole reported above. 
In this way the standardised maximum 
reaction rates R, were obtained 

Variation of R, with Co-catalyst Concen 
tration.—This is shown in Fig. 8 for three 
different concentrations of isobutene. In 
these experiments the titanium tetrachloride 
concentration was constant at 48 x 10* 
mole/l. and the temperatures at which the 
maximum reaction rate occurred were in the 
region — 70° to —85°. A, is seen to increase 
hinearly with the co-catalyst concentration. 

Owing to the uncertainties inherent in the 
experimental method the slopes of the lines 
shown in Fig. 8 should not be considered as 
more than a first approximation. The ratios 
of these slopes indicate that the polymeris- 
ation is probably of an order greater than 
unity with respect to isobutene, but it would 
not be justifiable to attempt an evaluation as 
of the exact order from the present data. i 4 i L i 

Dependence of the Standardised Maximum 36 38 40 42 44 46 46 50 
Reaction Rate R, on the Titanium Tetra- Ta. 
chloride Concentration.—For constant iso- The mean mol ut. of the | polymer as Ae function of the 
butene and co-catalyst concentrations, this mean e veaction. iK- 
dependence is shown in Fig. 9. Beyond a ae en x fe, a -coyn sh. teh. ms 
certain point the rate appears to be inde willimoles I. (A) 
pendent of the catalyst concentration. <€ 

Yield of the Polymerisation._-For a fixed catalyst concentration of 4°68 x 10* mole/l. the 
pclymerisation of a 5% v/v solution of isobutene goes to at least 90%, completion for 7, (the 
starting temperature) in the region of — 75°, provided that the trichloroacetic acid concentration 
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is greater than about 1-2 x 10* mole/i. For higher concentrations of isobutene the yields 
were not reproducible, probably in consequence of the high viscosity of these solutions. 

E ffect of Temperature on the Molecular Weight of the Polymer.—In Fig. 10 the logarithm of the 
molecular weight is plotted against the reciprocal of the mean temperature 7, during the experi- 
ment. T,, is the arithmetic mean between the starting temperature T,, and the final temperature 
of the reacted solution at the end of the polymerisation. 


Taste II. 
The variation of molecular weight with monomer and co-catalyst concentration. 
In all the experiments recorded in this table the titanium tetrachloride concentration was 48 x 
lo* mole. (1 
Conen. of Concn. of Observed 
Expt ssobutene, CClL,CO,H mol. wt. (Mf) ] Mean M, 
no mols ‘| millimol | «io x1 x lo, 
ee) 1-25 066 Gow 
i} 
ise 
15} ? “25 1-65 
152 
16 
i 


165 
33 
66 
66 
O35 
| 
33 


Taste Ill 


COCO 


Doe.’ 





180 22-4 
2a 
imi 26 S52 
85-1 
19411 24 53 ’ o4 
85-3 
156 ime 85-5 0-056 
* Molecular weight before precipitation of the polymer. * Micro-analyses by Messrs. Weiler and 
Strauss, Oxford, England. * Assuming the presence of one trichloroacetate group per molecale. 
* Molecular weight after two precipitations. ‘ Reaction mixture washed three times with distilled 


water, dred, and evaporated in a high vacuum. / Reaction mixture precipitated in methanol-—acetone 
mixture, washed with acetone, and evaporated in a high vacuum 


Effects of the isoButene and Co-catalyst Concentrations on the Molecular Weight.—Table I 
records results showing these effects. Since the mean temperature during the polymerisation 
has such a great effect on the molecular weight, the measured values of the molecular weight 
(Mf) were adjusted to the standard temperature — 75° by means of T,,, the mean temperature 
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during the reaction, and the relation between 7,, and M is represented in Fig. 10. The standard- 
ised molecular weights thus obtained are designated by M,. 

It is seen from the table that M, shows only a slight increase with the co-catalyst concentra- 
tion but that it increases with the isobutene concentration. In view of the uncertainties in- 
volved in the calculation of the M, valaes, and considering that these refer to the mean molecular 
weight of the end-product of the reaction, it would not be justifiable to draw any definite con- 
clusions from these data as to the exact relationship between the molecular weight and the 
monomer concentration. 

Analysis of the Polymer.—-A certain number of polymer samples were analysed for chiorine. 
The main practical difficulty was to make sure that the polymer was free from trichloroacetic 
acid and from hydrolysis products of titanium tetrachloride. 

The polymer solutions were freed from titanium tetrachloride by adding 2—-3 ml. of ethanol 
to the solutions at the end of the reactions. This reacted with the titanium tetrachloride, and 
the product separated as a yellow oil. The polymer was then precipitated in a large exces 
of 90°% ethanol and the visco-elastic mass of polymer was well kneaded in a fresh batch of ethanol. 
It was then dissolved in hexane to give an approx. 20%, solution, precipitated again in ethanol, 
kneaded in ethanol, and again dissolved in hexane. The solution was then evaporated in vacuo 
at room temperature. When the bulk of the hexane had been removed, evacuation by way of a 
liquid-air trap was continued for 24 hours, at a pressure less than 10* mm. Hg. The colourless 
and transparent polymer thus obtained was used for analysis. The results of the analyses 
are shown in Table III. In one case (No, 194) the original polymer solution was divided into 
two portions, one of which (194.1) was precipitated in boiling water and the polymer so obtained 
dissolved in hexane and then precipitated in ethanol and thereafter treated as described. The 
second portion (194.11) was treated in the usual way with two ethanol precipitations. There 
is no difference between the chlorine contents of these two specimens. The absence of chlorine 
from specimens 119 and 121 which were prepared by water co-catalysis shows that where any 
chlorine was found in the polymers it could not have originated from end-groups derived from the 
catalyst. This is further supported by the absence of an incombustibie residue. The absence 
of chlorine from the specimens 77 and 156 rules out the possibility of physical entrainment of 
chlorine compounds in polymer micelles, since this effect would be much greater in polymers of 
higher molecular weight. The precipitation process necessarily removes some of the fractions 
of towust unutouaiar welaiet (this to chests threpestanen S00) ane Giants bs eudisetendeate that he 
measured chlorine content of the polymers is slightly less than that to be expected from the 
molecular weight determined before precipitation. 

The data presented in Table III thus indicate that chlorine is present only in the polymer 
when trichloroacetic acid was used as co-catalyst. 


Discussion. 


The Mechanism of the Polymerisation.—The mechanism of the polymerisation of :sobutene 
by Friedel-Crafts catalysts is now believed to involve reaction between carbonium ions and 
monomer. The original carbonium-ion theory of Whitmore (/nd. Eng. Chem., 1934, 26, 04), 
Hunter and Yohe (/. Amer. Chem. Soc., 1933, 55, 1248), and Brunner and Farmer (/., 1937, 
1039) was developed by Polanyi and his collaborators (/., 1947, 252, 257) who showed that 
a co-catalyst, as well as the halide catalyst, was required to bring about polymerisation. This 
was confirmed by Norrish and Russell (Nature, 1947, 160, 543). It has been shown again in the 
present work that a co-catalyst is essential for the reaction and therefore the older theories 
such as those of Price (Annals N.Y. Acad. Sci., 1943, 44, 368; “ Reactions at Carbon-Carbon 
Double Bonds New York, 1946) and Eyring and his collaborators (Annals N.Y. Acad. Sci., 
1943, 44, 382), which ignored this, cannot apply to the systems investigated by us. 

According to our present views, the initiating species is a complex between catalyst and 
co-catalyst, which is formed by the reaction (1) shown in the scheme below. 

The complex is thought to react with a molecule of monomer according to reaction (I!) 
in which XA~H* represents the complex ion pair. This is the initiation step which involves 
the ee ee ee 

The propagation of the polymerisation is believed to take place by the combination of the 
carbonium ion formed in the initiating step with a molecule of the monomer, with transference 
of the charge to the end of the chain thus formed (Polanyi and his collaborators, loc. cit.). This 
is represented in reaction (III). In the previous attempts at formulating the propagation 
mechanism, the question of the fate of the anion was left open. It is clear, however, that 
in the system under consideration the anion cannot be separated to any considerable distance 
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from the carbonium ion. If one uses the method of Fuoss and Kraus (J. Amer. Chem. Soc., 
1933, 55, 1019) to calculate the degree of dissociation of the ion pair 
~CHy(CH,),C**(C1,C-CO,;TiCcl,)~ 

in hexane at — 80", one obtains a value of the order of 10. Therefore in the course of chain 
propagation the anion must remain in the vicinity of the carbonium-ion end of the growing 
polymer chain. A. G. Evans and Meadows (/. Polymer Sci., 1949, 4, 359), approaching the 
problem in a rather different manner, reached the same conclusion. This is an additional 
reason why the older theories (Price, doc. cit.; Eyring, loc. cif.; Heiligmann, J. Polymer Sci., 
1949, 4, 183) which involve considerable charge separation cannot be applicable to this system. 

The termination of the chains could take place by several different mechanisms: The ion 
pair at the growing end of the polymer chain may undergo a unimolecular rearrangement to give 
an ester (or alcohol if the co-<catalyst is water) (Norrish and Russell, loc. cit.) as shown in reaction 
(IVa). In this case the halide will remain co-ordinated on to the oxygen of the terminal group. 
It will only be removed by treating the polymer with, ¢.g.. water which can break up the co- 
ordination complex. This was shown by Staudinger (‘‘ Die hochmolekularen organischen 
Verbindungen,” Berlin, 1932) with polystyrene prepared with stannic chloride as catalyst, 
and is confirmed by our observation that addition of water to a clear polymerised reaction 
mixture which had been freed from excess of titanium tetrachloride by the addition of alcohol 
produced a tenuous but quite definite white precipitate presumed to be titanium oxide. 

The suggested mechanism accounts for the consumption of the co-catalyst in the course of 
the reaction, which is indicated by experiments such as that represented in Fig. 4 and it is 
supported by the analytical evidence given in Table III. 

The formation of fert.-butyl trichloroacetate by a bimolecular reaction between monomer 
and the ion pair, leaving the polymer with a terminal double bond [reaction (IVb)}, is a possi 
bility which cannot be neglected, especially at higher temperatures. It would also account for 
the consumption of the co-catalyst.* 

The alternative is the loss of a proton from the growing end of the polymer chain, leaving a 
terminal double bond. This process could take place in three different ways: (e) A uni- 
molecular decomposition of the terminal ion-pair in which the catalytic complex is regenerated 
reaction (Va) (b) A bimolecular reaction with monomer, leading to chain transfer {reaction 
(Vd)). (¢) A bimolecular reaction with the terminal double bond of a dead polymer molecule 
formed by process (1Vb), (Va), or (V5) in which the catalytic complex is regenerated as in (a) 

reaction (V« 

The complete reaction is thus represented by the scheme on following page. 

If for the moment the transfer reactions (V) are neglected, the set of differential equations 
describing this reaction scheme with the termination mechanism (IVa) is as set out below. 

This is analogous to the schemes used by Eley and Pepper (Trans. Faraday Soc., 1947, 48, 
112; ef. Pepper, sdid., 1949, 45, 397, and Eley and Richards, idid., p. 425) 


~d' AH) /dt = &A.c'AH ‘a : . (1) 
_ aAH 
ds 
dm (dit < Aywi(CAH) + hymM* ; (3) 
aM/idt=w AMo lt; (4) 
dM®* /dé «= Ayn(CAH) — &M* , (5) 
Where concentrations are as follows : m isobutene, ¢ titanium tetrachloride, {AH) trichloro- 
acetic acid, (CAH) initiating complex, M* growing polymer chain, and M dead polymer chain. 


If we make the usual stationary state assumption, i.¢., put M* constant, and also assume 
that A, and A, are independent of chain length, we get for the rate of reaction 


d(CAH) /dt = hyn'CAH : : (2) 


dm 4 


ee m*CAH . (6) 


dt " 


when A.m/A, > 1 

If we make the plausible assumption that reaction (I) goes practically to completion in the 
presence of excess of titanium tetrachloride, the unknown term (CAH) can be replaced by the 
known co-catalyst concentration (AH). 


* ésoButene and trichloroacetic acid react rapidly to give the fert.-butyl ester (Scovill, Burke, and 
Lankeima, /. Amer. Chem. Soc., 1044, 66, 1039) 
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It is indeed found in the present work that the maximam reaction rate is proportional to 
the first power of the co-catalyst concentration, but the correlation cannot be regarded as 
definitely established until isothermal measurements are available. The order of the reaction 


with respect to monomer cannot be derived unambiguously from the present set of measurements. 
though it is probably greater than unity. 


Tcl, + COL-OCOLN ~~. (TKO CC)” HF 


oe 
XA" He + Hy (cH), -—> (CHJ<¢ XA 


hy H, 
(CH) C® XA~ 4+ CHYSCICHy, > (CH) ¢ nde XA 
cH, 
CH, . . qci, 
CH,C* XA" 
CH, 


+ CHSC(CHy, 


+ (CH,),C® XA- 


CH, XA™ 
> <Hyt« Hyor H, 
cH, CH, 





XA~ H® + -C-C-C=0-+ 
The dotted lines in this scheme indicate alternative positions for the double boad. 
The molecular weight of the polymer is given by 
M = M®m(h, /hy) , ; » 
where M®* is the molecular weight of the monomer, The present data indicate that the molecular 


weight depends on the monomer concentration and is independent of the co-catalyst concen 


tration; but again the data do not permit one to deduce exactly how the monomer concentration 
affects the molecular weight. 


If termination takes place by reaction (IVb) the maximum reaction rate is given by 
— dm /di = kym(CAH) 
if 4,/&, >> 2. The molecular weight is given by 
M = M®h, jh, 

The facts that the observed order of the reaction rate with respect to monomer concentration 
is between | and 2, and that the molecular weight depends on a power of m rather less than 
1, may indicate that both termination mechaniome (IVa) and (IVb) play a part in this reaction. 

Although the present data on the conc of the rate and molecular weight 
do not provide much information, the temperature dependence of these quantities yiclds some 


interesting results. Considering first the reaction with termination (IVa), we assume that the 
00 
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number-average molecular weight of the final polymer is given by equation (7), and denote by 
BE, E,, and E, the activation energies corresponding to the three rate constants. We then 
find from Figs. 7 and 10 that 


i 


E(rate) @ E, + BE, — & 
and 
E(Mol. wt.) @ E, — &, 


are equal within the limits of accuracy of the present experiments and have a value of 
—76 + 2 keals. /mole. 

Thus if the mechanism outlined above is correct we may assign an upper limit of about 
4 keals./mole to E;, and it may well be very much less than this. 

Since there is a great similarity between the initiation and propagation reactions, it is probable 
that E, is also a very small quantity. Thus it appears that £, may well be as high as 6—10 
keals, /mole. 

The reason for this high activation energy may be found in the drastic rearrangement which 
must take place in the ion pair during the termination act. In the course of chain propagation 
the configuration of the anion is probably such that the trichloroacetate residue is co-ordinated 
symmetrically with both its oxygen atoms to the titanium tetrachloride. When the termination 
takes place, this symmetrical arrangement is disturbed, and both ions must rearrange themselves 
so that a covalent bond can be formed between them. 

If the termination (1V}) applies, a similar argument with E, in place of E, leads to the same 
conclusions about E, and E,. The value of E, estimated in this way is the same as that of E,. 
Its interpretation is also the same as that of £,, since the main difference between termination 
mechanisms (IVa) and (IVb) is that the latter involves both the making and breaking re- 
spectively of two double bonds of very similar constitution which would hardly affect the 
energetics of the reaction 

It is necessary to examine more closely the assumption made above, that a stationary state 
is established during the course of the reactions. There can be little doubt that during the 
period of maximum rate, whenever it may occur, this is approximately true. But in some 
reactions (Fig. 5) there was an initial period of acceleration and during this, conditions are not 
stationary. It may therefore be of interest to discuss the conditions under which S-shaped 
reaction curves are obtained. 

The Origin of the S-Curves.—I{ we compare the results obtained with water as co-catalyst 
(Pleach, Polanyi, and Skinner, loc. cit.) which were summarised on p. 543 and the results obtained 
with trichloroacetic acid as co-catalyst, we see that the most striking differences between the 
two sets of experiments are the different shapes of the curves showing the progress of reaction 
with time, and the opposite sign of the temperature coefficient of the polymerisation velocity. 
Whereas the time-temperature curves for reactions co-catalysed by water vapour were invariably 
S-shaped, those for trichloroacetic acid co-catalysis showed a monotonically decreasing reaction 
rate unless the concentration of catalyst was smaller than about four times the concentration 
of co-catalyst. The third condition under which S-curves are obtained is the slow addition 
of the co-catalyst (Fig. 6). If we ask the question: What is the feature which is common to the 
different circumstances which give rise to S-shaped curves ?, we find that in each case there is a 
good reason to assume that the rate of formation of the chain-initiating species is low, so that the 
maximum concentration of growing polymer chains is built up slowly. This explanation of 
sigmoid reaction curves was previously suggested by Eley and Pepper (loc. cit.) for the poly- 
merisation of »-buty! vinyl ether by stannic chloride. 

A. G. Evans and Meadows (/. Polymer Sci., 1949, 4, 359) have shown that in the polymeris- 
ation of tsebutene by boron trifluoride and acetic acid (AcOH) the complex BF, AcOH is very 
much more active than the complex BF,(AcOH),, and that the latter may be entirely inactive. 
We may assume by analogy that in our system we have the equilibria 


TIC, + 2CC1L-CO,H = TIC), 20C1,-CO,H (a) 
Nici, 2CCl,CO,H + TIC, => 2(TICI, CC1,-CO,H b) 


where the 1 : | complex is the initiating species. It is evident that, when the concentration of 
the acid is small compared to that of the halide, almost all the acid will be present in the form 
of the active complex so that the initial rate of chain initiation wil! be the maximum. If the 
concentration of acid is increased during the reaction by adding the acid slowly to the reaction 
mixture, the number of growing chains will increase with time and an acceleration of the reaction 
will be observed, as was indeed found (Pig. 6). 
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On the other hand, if the concentration of the catalyst is of the same order as that of the 
co-catalyst, an appreciable fraction of the latter will be in the form of the inactive complex. 
The consumption of the active complex by chain initiation will shift the equilibrium, so that 
more of it is formed and thus the concentration of ing chains increases with time and the 
reaction curve is sigmoid. Fig. 5 shows how the of the reaction curves becomes 
more pronounced as the ratio catalyst : co-catalyst is diminished, as is to be expected from this 
hypothesis. 

The S-shaped curves obtained with water vapour as co-catalyst can be explained on the 
same basis, since the rate of formation of the initiating complex from titanium tetrachloride 
and an ice dispersion in the circumstances of the experiment can only have been very low. 
Accordingly, if we conclude that in these experiments the formation of the complex was the rate- 
governing step, we can now explain the positive temperature coefficient of the over-all reaction 
rate with water as co-catalyst; for the interaction of a finely divided solid phase (ice) with 
titanium tetrachloride in solution can be expected to be accelerated by an increase in the 
temperature so that we may in fact expect a quasi-autocatalytic effect. 

It might be thought, by analogy with free-radical polymerisation that the acceleration may 
be due to the slow consumption of inhibiting impurities. Though this would certainly enhance 
the effect, it cannot account for it entirely. For if impurities alone were responsible for the 
effect, a second reaction induced, after partial reaction, in a system in which polymerisation 
had ceased through consumption of co-catalyst would be expected to show no acceleration. 
That this is not so is shown by Plesch, Polanyi, and Skinner (loc. oit., Pig. 4), the second reaction 
showing well-developed acceleration. 

The increase in polymerisation rate with decreasing temperature which was found by previous 
workers (Waterman, ef al., loc. cit.; Thomas ef al., loc. cit.; Bresler, Doklady, 1945, 47, (vi), 410), 
and in the preliminary experiments in more or less open vessels (Plesch, Polanyi, and Skinner, 
loc. cit.), can be explained tentatively by the supposition that the lower the initial temperature 
of the reaction mixture, the more atmospheric moisture would condense in the system, and hence 
that there would be a greater number of particles to participate in the heterogeneous reaction. 
However, the ill-defined conditions of these experiments make it pointless at present to discuss 
further the undoubtedly very spectacular explosive polymerisations which take place at very 
low temperatures. 

Norrish and Russel] (Joc. cst.) attempted to explain the acceleration of ionic polymerisations 
in terms of the inhibition of mutual termination of carbonium and carbanion polymerisation 
chains by the increasing viscosity of the medium. This theory cannot apply to polymerisations 
in hydrocarbon media because of the impossibility of separating the ions, even if the possibility 
of the existence of carbanion polymerisation chains were admitted. In any case, Eley and 
Pepper (loc. cst.) have shown that in the polymerisation of #-buty! vinyl ether by stannic chloride 
in light petroleum the acceleration sets in before there is any marked increase in viscosity. 
Bresler (Joc. cit.) also found that ionic polymerisations carried out isothermally could become 
explosive. 

The Chatn-transfer Reactsons.—Each of the reactions (V) represented in the scheme above is 
equivalent to a chain-transfer mechanism, because in each case either the catalytic complex 
or an actual growing chain is reproduced. Eley and Richards (Joc. cit.) have recently shown that 
chain transfer can occur in the ionic polymerisation of vinyl ethers. Horrex and Perkins 
(Natwre, 1949, 163, 486) have shown that chain transfer probably takes place in the low-temper- 
ature polymerisation of tsobutene by boron trifluoride when this is inhibited by olefins, and A. G. 
Evans and Meadows (loc. cit.) have found that in the polymerisation of g isobut by 
boron trifluoride and acetic acid at room temperature there is a very high degree of chain transfer. 
The same phenomenon has been found in the course of the present work. Approximately 
1 x 10° mole of TiC), CCl,-CO,H complex in contact with gaseous isobutene at room temperature 
produced about 2 x 10 mole of polymer of mean molecular weight 400. In the polymerisations 
carried out at low temperatures the number of moles of polymer produced is usually smaller 
than the number of moles of co-catalyst. The presence of double bonds in the polymers formed 
at higher temperatures which was found by Dainton and Sutherland (J. Polymer Sci., 1049, 4, 
37) and which was confirmed by Fiett and Plesch (in the press) for polyisobutenes of mean 
molecular weight up to at least 10 can be considered as evidence of chain transfer only if the 
number of moles of polymer is greater than the number of moles of co-catalyst. In view of the 
possible occurrence of termination (IVb), the mere presence of double bonds is not evidence 
for chain transfer. 


The presence of other olefins during the polymerisation of isobutene reduces the molecular 














556 Barclay and Le Féevre: Apparent Dipole Moments of the Chlorinated 


paar A ater digg eee hac ao Ba anaes Aeet penitor wee mpm tape tae 
Thomas ¢é al., loc. cit.). Therefore if olefins are produced as products of the normal reaction 
we could expect a self-poisoning effect by reaction (Ve). Since according to this scheme the 
catalytic complex is regenerated there will probably be no effect on the rate but anomalous mole- 
cular weights and disappearance of terminal double bonds as the reaction goes to completion 
might be observable. Double bonds resulting from reaction (Vc) are probably too inaccessible 
to take part in any further reaction. 

Further work on co-catalysts and inhibitors for this polymerisation is in progress, and the 
kinetics of isothermal polymerisations are being studied. 


I would like to express my gratitude to Professor M. Polanyi, F.R.S., for his help and encouragement 
im this work, and to my colleagues for many helpful discussions. I thank also Messrs. Imperial Chemica) 
Industries (Billinghan,) Ltd. for kindly su plying the isobutene, the Anglo-Iranian Oil Co. Ltd. for funds 
which materially assisted the progress of this work, and the Editor of “ Research’ for permission to 
reproduce Fig. 4 
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105. The Apparent Dipole Moments of the Chlorinated Methanes 
in the Liquid, Dissolved, and Gaseous States. 


By G. A. Barcray and R. J. W. Le Fivar. 


Por CH,Cl, CH,Cl, CHCl, and CCl, the apparent moments (Debye-Clausias-Mosotti 
formula) in the states given in the title are respectively: 1-19, 1-60, 1-86; 1-14, 1-55, 1-57; 
097, 1-13, 101; and ca. 0, 6, 0 (solvent: C,H, in each case). Methylene dichloride thus 
slightly contravenes those “ rules "" which relate jig, tO pensee via the algebraic sign of the 
Kerr constant of the solute, which for this substance is negative. 

Certain empirical equations for the solvent effect are examined and the generality of their 
applicability tested 


Tux substances indicated by the title form a set of readily available related simple structures 


which are representative of the three chief types of solute molecules encountered in dipole 
moment measurements, i.¢., those with extension respectively (a4) along the dipole axis (CH,Cl), 
(b) unequally around it (CH,Cl,), (¢) symmetrically across it (CHC1,), and (d) equally about a 
centre (CCl). The original purpose of the present communication was to examine the 
variations with state of the apparent moments (as indicated by the Debye—Clausius—Mosott) 
formule) of these four compounds vis 4 vis the algebraic signs and magnitudes of their Kerr 
constants 

Several of the data required for our discussion were already on record in the literature 
(references below); we have checked or supplemented these where necessary. Dielectric 
constant measurements on the system C,H,-CH,C] do not appear to have been made previously 
Table I shows the relevant polarisations at 25° and the moments calculated therefrom, the 
temperature-invariant term of the Debye equation being used as the true distortion polarisation 
(»#”) in each case. 

Table II contains ratios extracted from Table I, together with Sachsse’s values for the 
molar Kerr constants (Physital. Z., 1935, 36, 357). It is apparent at once that “ rules” 
requiring the sign of the solvent effect, Su, to be a reversal of that for the electric double 
refraction, K, are disobeyed by methylene dichloride as a solute, and by this substance and 
chloroform as undiluted liquids. The comparisons involving pure chloroform deserve comment 
since hitherto this liquid has been regarded as one for which 8u is positive (or u*\, /u*,,, greater 
than unity; Le Févre and Le Févre, ]., 1935, 1747; Le Févre, “ Dipole Moments,” Methuen, 
1938, p. 45; Le Févre and Russell, ‘Trans. Faraday Soc., 1947, 48, 374). Such a result was 
due to the use of the molecular refraction as an approximation for the true distortion polarisation 
(thus if, in Table I, instead of pPiga, © 25°3 c.c., [Rz)p = 214 c.c. were used, » would appear 
as 10, D., +.¢., 0°06 D. larger than ny With methylene dichloride, however, py, exceeds py. 
by both methods of calculation (jy, 1°22 with (Ry; 5 = 164; Vogel, /., 1948, 1849). The 
* negative " solvent action of benzene on this substance, although slight, resembles in order 
that reported recently for sulphur «dioxide (Le Févre and Ross, ]., 1950, 283). Thus there 
are now known two substances, showing definitely negative Kerr constants, for which the 
tev, /tgas Tatios are less than wnity 








Methanes in the Liguid, Dissolved, and Gaseous States. 


Taste I. 


P in c.; 
cH, pin Dd. 

oP im." 

oP hua.? 


oe 
404 
46-8 


* Apparent values by the Clausius-Mosotti-Debye equations 
+ Apparent values by the Onsager equation 


Taste II. 


CH), CHC), CHC! CH, 
0-97, 1-26 Spoon. oer 0-360 0-274 
ool, +0119 1 4 13-7 
uv 530 0-924 


© Bi — Hemetinn OF fttegetd MINUS pages 


EXPERIMENTAL. 


Data Sources.—Those relating to total polarisations are listed in three groups, by state. In each 
case the reference providing information for Table I is placed first, others following in chronological 
order. Although a complete survey of the literature was made, we here omit obviously incorrect or 
rough determinations 

(a) Gaseous Dielectrics —Some authors quote equations for (¢ — I)m or (¢Pgade Others give 
individual observations of (¢ — 1). The forms used are indicated. 


~ D Results as Authors Reference 


Methyl chionas 


P = 13-6 + 21,351/T Smyth and McAlpine ]. Chem. Physics, 1934, 2, 409 
1 = OO,116 + 2828/7 Sanger Physihal, Z., 1926, 27, 556. 
Individual (e—D¢ Sircar wane J Physics, 1928, 8, 197 
One (¢ — I) seq Value Cale. by Héjendah!, Thesis, a. 1928, from data by 
Pohrt, Ann. Physik, 1013, 42. 
P = 14-72 + 21,208/7 Sanger and Steiger Hele. Physica Acta, 1929, 2, 136, 411 
Final p» only Ibid., 1930, 8, 161. 
Individual (¢ } Fuchs Z. Physth, 1930, G8, 824. 
P m= 141 + 21,990/7 Sanger, Steiger and Gachter Nelo. Physica Acta, 1982, 6, 200 
P = 6-66 + 22,7 Ramaswamy Proc. Indian Acad. Sci, 1936, A, 4, 
108 


Mean of last 8 values 186 > 


1-86 
1-97 
1-69 
1-89 


ttt 


Methylene dichloride 
. » 19-08 + 15066 7 Maryott, Hobbs, and Gross /. Amer. Chem. Sec, 1941, 68, 659 
1 ~ 00,1356 + 1-170/T Sanger Loe. ctt., 1926 
Individual ‘¢- De Mahanti and Sengupta J. Indian Chem. Soe, 1928, 6, 673 
3 Pm 1874 + 14,470/T Ramaswamy Loe. cit 


N.B.—Mean of last 3 values « 1-58 D 


Chloroform 
T Maryott, Hobbs and Gross Loc. cit 
c—l= es + 0-4328 /T oy Loe. cit., 1026 
Individual (¢ — I)e Lee. cit. 
P = 24-72 + 6006/T Lee, ott. 
P = 24-02 + 6491/7 Lee. eit. 


P = 25-28 + 6251 


c — | = 0-0,26465 + 0-0346/7 Sanger Loe. cit., 1926 
Pow M14 + O/T : Ramaswam Loe. cit 





headings except that col. 5 
couch tho muuuens Ctcinsd cle tes toe etn pean od able I), while col. 6 contains 
ae Oe en ee ee who used for gP + ,P the refractivities in 
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No. of 
Sub- solns ate. 
stance Temp. examined. <.c. ~» D 
cH! 2° 6 724 1-72(11-5)* Present Work. 


CH, 25 i2 ; 1-60(16-4)° Present Work 
25 5 1-61(15-8) Mahantiand Das Gupta (/. /ndian Chem 
See., 1929, @ 411 
1-55(16-2) Miller and Sack (Physital. Z., 1930, $1. 
815) 
1-569(15) Miller (ibid., 1933, 34, 689) 


1-21(21-4) Le Févre (Trans. Faraday Soc., 1950 
4.1) 


References 


110(21-3 Williams and Krehma (J. Amer. Chem. 
See, 1927, 48, 1676) 
4 27(21:3) Hasseland Uhl (Z. paysital. Chem., 1930 
B, 8, 187) 
‘2 -18&(21-3) Maller and Sack (loc. cst.) 
n° . *21(21-2) Maller (loc. cit) 
62-1 22(21-4) Le Févre and Russell (/., 1936, 491 


2a 0 (26-5) © Present Work 
283 © (28-3) Williams and Krchma (loc. ct 
26-7 0 © (26-1) Miller (Physihal. Z., 1933, 34, 689 


* Values from Vogel (/., 1948, 1842.) 
(ce) Pwre Liquids — 


Substance e® ‘ Reference 

cHyg! O68 . Extrapolated from values recorded by Ulrich and Nespita! 
(Z. physihal, Chem, 1932, B, 16, 221), Morgan and 
Lowry (loc. cif), and Goss (/., 1034, 696, 1467) 


CHS, 3 Present work 
a Morgan and Lowry (loc. ei 


CHCl, 7s 7 Le Févre and Rayner (/., 1938, 1921; cf. Ball, J., 1930, 
570) 
Harris (J., 1925, 127, 1049 
Williams and Krehma (loc. cit) 
Smyth and Morgan (loc. cut 
Matsuike (Proc. Imp. Acad. Tokyo, 1929, §, 29 
Morgan and Lowry (loc. cit.) 
— (J., 1934, 480) 
yavies (Paul. Mag., 1936, 21, 1) 


Le Pévre (Trans. Faraday Soc, 1938, MH, 1127 
Harris (loc. cst.) 
Williams and Krehma (loc. cv 
Stranathan (Physicai Rew, 1928, 31, 653 
Matsuike (/oe. ct 
Morgan and Lowry (/ec. cit 
Fairbrother (J., 1932, 43 
—- (loc. ont 
havies (loc. ost 
Miller (/. Amer. Chem. Soc., 1942, 64, 117 


0S 0S PS OS OS FG OS HG FO be 


Present Meas Methyl! chloride (from methyl alcohol, zinc chloride, and hydrochloric acid 
Morris and Taylor, /. Amer. Chem. Soe, 1924, @B, 755), dried by passage through 10°, potassium 
hydroxide solution, concentrated sulpharic acid, and a tower of solid potassium hydroxide, was dissolved 
in sodium-dried benzene, ete., as described by Le Févre and Ross (Joc. es.) for sulphur dioxide. The 
methylene dichloride was a commercial specimen. After standing for several hours over calcium 
chiorwle, it was distilled (b. p. 40-1° “ 13169) before use. Measurements were made by usual 
procedures (Le Févre, “ Dipole Moments,” Methuen, 2nd Edn., 1948, pp. 31—42) on apparatus already 
noted (Le Févre and Ross, joc. cif ; Calderbank and Le Févre, /., 1948, 1949). Extrapolation methods 
and symbols used, are explained elsewhere (Trans. Faraday Soc., 1950, 4, 1) and need not be repeated 
here 


Methyl chloride in benzene at 25° 
Pw, f Ba, 1a, ” oy Bay 
0 2-272: ©-S7378 2810 2.4367 5 #87552 00619 
1370 oe! biz O87459 06-0501 2876 24354 57 087560 06-0633 
2080 ! 4 ORTHOT 06-0620 3418 24817 1s 087605 00664 
2548 : 54 osTiMo 606-0033 


Whence mear at, 504, mean fd, 00626. and 





$ 


0.87590 


ss 


0-877698 
&- 87875 
88217 
© 88210 
© 88867 


Whence (by least squares) at, ~ 3:12 + 2-13m,; Bd, ~ 0286 + ©:107m,; and .P, = 


wewuwe 
SEs 


The dielectric constant of pure methylene chioride at 25° (viz, ee eae en Cae 
condenser reading 0-1, Win ~~ quauerdentremsseds seen air,e = 1; CoH, @ = 287; 
C,H,Cl, « = $61. oC, HCl, « = 082 


Carbon tetrachloride in benzene al 25°.* 
iw, ... 0 9251 11,034 18,951 20,522 30,008 33,461 
oe ww» 28725 2.2724 227% 2-2723 2-2723 22718 22714 
P+ ©-87378 0-877590 O-87810 ©-88131 0 88189 ©-88609 0-88710 
Lity — &)/Le, = — 0019; Lid, — 4, /Swe, ~ 0398; whence .?, ~ 28-0 cc. 


* Recorded at University College, London, 1938-39, with the apparatus of Le Févre and Russell 
(Trans. Feraday Soc. 1047, 43, 374) 


Discussion. 


Attempts to relate the variation of the apparent moment of a substance with its state 
(compare Glasstone, Ann. Reports, 1936, 33, 117, for references not explicitly given here) may 
be roughly divided into four classes, viz., (a) empirical methods of correction for solvent influence, 
(6) @ priori introduction of factors, for solute and/or for medium, not included in the Clausius- 
Mosotti-Debye treatment, (c) new fundamental medels for dielectric polarisation, and (d) the 
addition to the approaches under (}) and (c) of the conception of hindered rotation, or quasi- 
crystallinity, in liquids. 

Proposals under (4) by Miller, Jenkins, Arkel and Snoek, Sugden, Henriquez, ef al., like 
those under (d) by Debye (Physikal, Z., 1935, 36, 100, 193; Chem. Rev., 1936, 19, 171), Fowler 
(Proc. Roy. Soc., 1935, A, 148, 1), Kincaid and Eyring (J). Chem. Physics, 1038, 6, 620), 
Kirkwood (J. Chem. Physics, 1939, 7, 011; Ann. N.Y. Acad. Sei., 1940, 40, 315), cannot—in 
the forms as published—cover those cases (Le Févre and Russell, loc. ci#.; Le Févre and Ross, 
J.. 1950, 283; Le Févre, Mulley, and Smythe, J., 1950, 200) where u,., / or | equa Ore 
greater than unity. Onsager’s equation, which falls under (c), if used literally, fails with 
methylene chloride and chloroform (cf. Table 1); Wilson's modification (Chem. Rev., 1939, 
26, 377) of it to cover the anisotropy of the solute molecules is an improvement, but one of 
limited practical usefulness since for most compounds Kerr constant polarisability data are 
lacking. 

In group (b) there are the a priori treatments of Weigle, Higasi, and Frank, together with 
others involving the constants ¥ and 6 of Raman and Krishnan (Proc. Roy. Soc., 1928, A, 117, 
589; cf. Goss, Trans. Faraday Soc., 1934, 30, 751; Le Févre and Le Feévre, J., 1936, 1747; 
and the criticisms of Jenkins and Bauer, J. Amer. Chem. Soc., 1936, 58, 2435). In a general 
way, these approaches have successfully forecast whether p,.., / for a given molecule is 
above or below unity. In cases where the structure can be credibly regarded as spheroidal, 
the (b) theories have often given approximately quantitatively correct ratios. Unfortunately, 
in many practical instances, however, neither the ellipsoids defining the anisotropy of 
polarisability or of “ shape“ are bodies of rotation. The following table illustrates this point 
(3) 

BK c 

CH,Ci 67, 67505 
oa —_ “ 1-488 O-878 

CHCl, 168k 5 1585 1-585 

col, - 











for the chloromethanes. Under (1) are given the relative polarisabilities recorded for the gaseous 
materials (Stuart and Volkmann, Ann. Physih, 1933, 18, 140), under (2) the same but for solutions 
in carbon tetrachloride (Sachsse, Physikal. Z., 1936, 36, 357), and under (3) the relative effective 
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dimensions (see later) of the molecules. In each case the property measured along the dipole 
axis is taken as unity. 

Several of the relations previously published for solvent action in this field can be cast into 
general forms typified by: y*/y*, = 1 + Ale — I)/(e + 2). For CH,Cl, CH,Cl,, and CHCl, 
the results in Table I require A to be ca. —0°60, —0°067, and +087, respectively. We find 
that these figures correspond to exp s* — (m*,)ee /(m*,)ee, where m*ge is calculated from the 
distortion polarisation of solvent or solute, i.¢., (m* eq — 1)M/("® ge + 2)dy,, and s* is obtained 
by the following procedure : Scale drawings are constructed from the known X-ray or electron- 
diffraction data (in the cases just named these are from Sutton and Brockway, ]. Amer. Chem. 
Soc., 1935, 57, 473; in other instances below, dimensions are those recommended by Pauling 
and Huggins, Z. Krist., 1934, 87, 205, and Schomaker and Stevenson, /. Amer. Chem. Soc.. 
1941, 63, 37) and the “ Wirkungsradien” of Stuart (Z. physihal. Chem., 1935, B, 27, 
350) superimposed. The maximum measurements along, and in the two perpendicular 
directions to, the axis of the molecular resultant dipole moment are then read off and recorded 
as ratios with A = 1. Length A is consistently taken parallel to pcos; Of B and C (if 
different), C is made the lesser, s* follows as (C* — A")/A* when A > B or C, (C* — A/B* 
when A < B > C and (C* — A4/C*, when A < BorC. The equation indicated is therefore 


HM rctn./ ene 1 (e — I)[lexp s* — (wee (mee lie+ 2) . - - (2) 


This is tested in Table III. It is seen that the calculated and observed ratios are in reasonable 
agreement 


Taste ILI. 


Substance. B < wing Exp s* — (n*,/n* ee oP, ol’, (cale.) oP, /oP, (found) 
cH! ©-721 721 1-920 0-598 0-82 0-82 
CHCl, 1-488 878 2349 O-07T7 0-98 O08 
CHa, 1-585 1-585 2-368 +O BO5 1-26 1-26 
C,H,NO, o732, 662, 24633 0-369 89 0-87 ™ 
CHC! 0-767 391 2554 O48) 0-86 os 
C,H Me 751, 0486 2-215 0-573 0-83 oe Baud 
SO, 1453 0 805 111 0-293 ool oo 
Paraldehyde 2.50 2-50 2499 i-4l 1-42 1-69 
References.-Dipole moment values : (1) pg = 4°24 (Groves and Sugden, /., 1934, 1004; 1935, 971), 
Mees * 3°06 (Le Févre, Trans. Faraday Soc., 1950, 1). (2) jg = 1-73 (Groves and Sugden, Joc. ci#.), 
Meee “* 1°58 (Le Févre, loc. cit.). (3) ag ~ 0-37 (McAlpine and Smythe, /. Amer. Chem. Soc., 1933, 
86. 453, Baker and Groves, /., 1939, 1144), pmenene ~ 034 (Le Févre, Le Féevre, and Russell, /., 1935, 
(4) aq = 1-62 (Le Févre, Ross, and Smythe, /., 1950, 276), pmesee = 1°61 (Le Févre and Ross, 
J. , 283). (5) we ~ 1-44 (Le Févre, Mulley, and Smythe, J., 1950, 200), passe = 1°87 (idem, 
tind 
Special structures ; Chiorinated methanes, Brockway and Sutton, J]. Amer. Chem. Soc., 1935, 57, 
473, nitrobenzene, James, King, and Horrocks, Proc. Roy. Soc., 1935, A, 163, 225; paraldehyde, see 
Le Pévre, Mulley, and Smythe, loc. o., for refs.; sulphur dioxide, Schomaker and Stevenson, J 
timer. Chem. Soc., 1040, 2. 1270 


We next explored the possibility of modifying the equation of Le Févre and Le Févre (J., 
1935, 1747) along lines obvious from the discussion of the Raman-Krishnan expression by 
Govinda-Rao (Proc. Indian Acad. Sces., 1935, 1, 498), viz., by taking 6 as approximately equal 
to w*,S, and writing S, as 4-(8 — 1/3), so that 


oP sloPe = 1 + 3c — I)/(e + 2Amyt = 1 + 34 — 1/9)(c - (e+2) . (2) 


Estimations of 8 were made by using the s* values as before and applying them in the equations 
of Maxwell (" Electricity and Magnetism,” Vol. 2, Oxford, 1892, Article 438: cf. also Lord 
Rayleigh, “ Scientific Papers,” 4, 307; Mascart and Joubert, “ Lecgons,” 1896, paras. 52, 53, 
276) as follows: (when «* positive) 8 = (1/**) ta x*)* arc sin x}/s*, or [when ** negative 
regarding s* as (—1)y*) 8 = [(1 y*)/y*((1/2 v) In (1 + y)/(l y)} 1). Table IV contains 
the results for a representative range of molecules; 38 1, just as exp 2* (m5) wee /(08",) wer 
(Table I11), correctly forecasts the type of solvent effect; the former quantity, however, does 
not run parallel to it. Since intuitively it seemed that the appropriate relation might 
be of s/ol’, g) = L + fle, m% gq) (38 1) many different types of f(c, m*gq) were tried. 
Of these, several were promising, ¢.g., 


(or yu’, yp’ 


oPrloP, = 1+ pPiley + 2)(38 — 1)d,/M,(e, 
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where _P, is the distortion polarisation of the solute and AM, its molecular weight. Six examples 
will show, however, that (3) acts in the right sense, but excessively : 
oP. oP, oP oP, 
4% — 1. (calc.) (found) 
CH,Cl —0-274 o-78 0-82 
ay 0-055 0-96 0-98 SOq  cceev 
CHO. +0428 1-27 126 © C, Hy NO, 
If our “ 4 “ is used in place of the “ & " of the Ross-Sack equation, 
& Se + (wee — 18 
He (e+ 2) a + (w8ge — €)8 


cited in a previous paper (J., 1950, 283), the ratios indicated are : 


oP, oP, (cale.) oP JoP, (cale.). 
CHCl om Paraldehyde 1-56 

Cc 
Cc 


HCl 0-98 : ol 
“Hui,” 1-29 Catt NO, oe! 


Expressions Useful in Practice.—To the above attempts may be urged the objections: 
(a) that the ,P for a given substance is difficult to measure accurately (examples of this occur 
in the tables on p. 557; sometimes the A of the Debye equation can be obviously too small 
without the value becoming grossly incorrect, ¢.g., Ramaswamy, Proc. Indian Acad. Sei., 
1936, A, 4, 18a, gives for acetone P = 6 + 53650/T, whence p = 2°05; yet [R,), for this 
substance is ca. 16 c.c.); and (6) that knowledge of w*ge implies the existence of experiments 
from which should be calculable directly. Since our underlying motive, for reasons set out 
elsewhere Dipole Moments,” Methuen, 1938, p. 52), is to search for an a priori method 
whereby jg, May be estimated from observations on solutions, we regard (b) as serious, and 
proceed therefore to show the measure of success to be achieved with the accessible quantity 
ny*, instead of ng, in equations (1)—(4). 

Table [V summarises our computations for benzene (n," « 2°2417 at 25°) as solvent. It 


Taste I\ 


vr ~ ee we 
™, o tip? (2) 3).t 
. —~0-620 &242 1-7510 (a) 1-86 
° —0103, 0315 . 2-0205 5 1-57 
° +0002 0476 2-0825 «2 . ied 
0-639 — 0-592 “2 1-800 


CH, NO, “865 06-731 0-466 0254 1 9040 
CO(CH,), 27 0736 —0282 ©6291 2 i-s400 


Paralde 

hyde ® +o 840 0-588 
SO, ad —oe4 O24 
N(CH), ... 1-7 +0670 0-489 
C Hy CH, ° ~0765 168 
C,H,Cl ° OMT 0-132 
C, Hy NO, ® 0e84 606-107 
C,H, CN 0603 60-353 0875 117 


* See Table II]. ¢ Using [R,)p instead of pP. (a) Calc. from [R,)p ex Vogel's (loc. cit.) atomic 
constants. (6) Ex [Ry)p ~ 049 (Nasini, Garzetfa, 1983, 18, 206) and extrapolated density (Le 
Févre and Ross, joc. cit.) 

Inpole-moment references —« to those beneath Table 111: CHy CN: Bil (Werner, 
Z. physikal. Chem., 1929, B, 4, 371), 3-51 (Eide and Hassel, — —~t « "1930, 112234), 3-16 (Hunter 
and Partington, J., 1932, 2812), 3-45 — Physikai. Z., 196), 3-51 (Lewis and Smyth, 
J. Chem. Physics, 1939, 7, 1085) 98 (Ramaswamy, oe eit.), 3°94 (HO: . Thesis, 1928), 
3-04 (Groves and Sugden, /,, iat, 1 138) cH. NO,: pam, (see Paraday . List), Meee ~ 3-42 
(Smyth and McAlpine, J. Amer. Chem. Soc., 1934, 66, 1697). Acetone : come -2% (see Faraday Soc. 
List) ; ~= 2-93 to 3-02 (Stuart, Z. Physik, 1928, 61, 490), 2-85 —\¥ —-y> Z., 1932, * 
686) rimethylamine: pom, ~ 0-86, jigs = 0-64 (Le Févre and vans 
1047, 43, 374; cf. Brockway and Jenkins, /. Amer. Chem. Soc, 1936, —w- 9 2036) | nee Ma 
(wean, 8e¢ Faraday Soc. List), jg, ~ €39 (Groves and Sugden, loc. cit.). 
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will be noted that, by overall consideration, (1) and (2) seem preferable to (3) and (4) for the 
four aromatic molecules listed. In most cases (1) and (4) could give better results if n, were 
used instead of my, since nm, is nearer to mgq than is ny. 
Variation of Uypectensce WHA Solvent.—An empirical " rule,” if of correct form, should also 
forecast the relative effects of different solvents upon a given solute. Table V shows the 
of equations (1), (2), and (4), using =," instead of m*gq,, to the figures conveniently 
tabulated for nitrobenzene in 12 solvents by Cleverdon and Smith (Trans. Faraday Soc., 1949, 
45, 109) (ugg = 4°24). 
Taste V. 
oF .JoP,, cakc., via eqn. : 
2. 
ool 
Ooo 
ogo 
ose 
0-89 
88 
O88 
Oss 
0-86 
O79 
77 
0-75 


For the nine non-polar solvents, al) three relations predict drifts in the direction observed, and 
for this class (1) seems on the whole superior to (4). The latter, however, alone reflects the effects 
of the three polar media. Further, it should be repeated again that n*gg properly enters (4), 
not m,*, which has been utilised only because for most substances it is a recorded (or easily 
determinable) datum. 


The authors thank the Chemica! Society and the Commonwealth Science Fund for assistance. 
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106. The Polarities of Enols. 


By C. L. Anoyat and R. J. W. Le Fiver 


The following dipole moments are recorded (refractivity method; solvent, benzene) : 
anthrone, 3-5 v., ethyl salicylate, 2-7 >., ethyl p-hydroxybenzoate, 28 np. The moment of 
anthranol has been estimated as 1-9-—2-0 D., 1.¢ . greater than is usual for phenols and naphthols. 


Tue experiments now recorded were part of an attempt to examine the polarities of enols. The 
literature reveals that compounds possessing the ~C(OH){CH-CO> unit in a manner such that 
internal chelation is unlikely for stereo-structural reasons (¢.g., dimedone ; Hukins and Le Févre, 
/.. 1949, 898) are unusually acidic (Taylor and Ewbank, J., 1926, 2818; Bennett, Chem. and Ind., 
1926, 960). Phenols, naphthols, etc., also have this quality and can of course be regarded as 
enols containing the simpler fragment -C(OH){CH-, yet in no such case has the dipole moment 
of the corresponding keto-isomeride been recorded. Anthrone (I) and anthranol (II) initially 


7 
: 


i 


o ie I | O,Et 
i i rv 

seemed to be a pair of molecules with the desired relationship, since, in solution, they form 
ultimately an equilibrium with (I) predominating (Beilstein, “ Handbuch, etc.,"" VII, 473; VII*, 
257; Meyer, Annalen, 1911, 379, 37; 1913, 396, 133; 1920, 420, 113). It later transpired that 
100%, pure anthranol has never been isolated (Backstrom and Beatty, /. Physical Chem., 1931, 
35, 2531). We therefore proceeded first to study anthrone itself in benzene, to obtain its specific 
polarisations at given concentrations (cf. Table I), and then to prepare a succession of separate 
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quantities of “ anthranol,” each being analysed by the iodine procedure of Backstrom and 
Beatty (loc. cit.) and, simultaneously, submitted to dielectric-polarisation measurements as 
though it were a single substance. Anthranol contents ranging from 18 to 45% were obtained. 
On the assumption that only (1) and (II) are concerned, and that a simple mixture rule 

to the observed specific polarisations, moments up to 2p, were indicated for (II). 
Reproducibility was, however, poor and continued to be so despite all efforts at improvement. 

An estimate of similar order follows from the moment now found for anthranol methyl 
ether (1-5 p.). Noting that between a phenol and its methyl! ether there is commonly a polarity 
difference of 04-—0°5 b., it would seem that anthranol has a moment of 19—2-0 b., i.¢., some 
1°56 pb. lower than that of anthrone, but notably higher than those of phenol (1°6-—1°7) or the two 
naphthols (10-—-1°5). Attempts to prepare equilibrium mixtures from the ketonic isomeride 
in bensene or hexane have also been made, but unsuccessfully—a not unexpected result since 
Meyer's experiments (Annalen, 1913, 396, 133) suggest that strong electrolytes are required. 
Further, it is relevant that infra-red spectroscopic methods have not shown the presence of any 
enol form of anthrone in carbon tetrachloride solutions (Flett, ]., 1948, 1441). 

We have also prepared 9-phenanthrol, but found it to be too sparingly soluble in benzene 
for measurement. 

Dipole Moments of Ethyl Salicylate and p-H ydroxybenzoate.—Results for these two compounds 
are given below. Le Févre and Welsh (J., 1949, 1909) estimated the moment of the enolic form 
of ethyl acetoacetate as 1-7 p. Since this enol might exist as a cis- or a frans-form, (III) or (IV), 
it seemed of interest to examine ethyl salicylate and ethy! p-hydroxybenzoate—molecules in 
which the hydroxy! groups and carbethoxy-groups are in the same relative configurations as 
in (ITI) and (ITV). However, the moments observed (2°7 and 2°8 b., respectively) are too nearly 
equal to be relevantly useful. It is notable that the parent o- and p-acids also have similar 
moments (2°63 and 2°73 p.; Wilson and Wenzke, /. Amer. Chem. Soc., 1936, 57, 1265). 


EXPERIMENTAL. 


Materials —Anthrone was et from anthraquinone ad Synth. Coll. Vol. I, p. 60) and 
recrystallised from a benzene-light roleum (3:1); m Borne ersey specimens 
were obtained and analysed as descri by Backstrom and 

Anthranol methy! ether was isolated directly from anth 
(Annalen, 1920, 480, 126) and crystallised from a little —_ 

The — salicylate was a fractionated commercial 
from a similar source, and was recrystallised from water to m. p. 1i6*. 

Measurements —These were made by routine methods (cf. ]., 1948, 1949) and are tabulated below 
under the usual headings. The solvent used was benzene t 





Anthrone. 
23s 373 oe 878 o72 1177 
2-289 2-299 2-317 2-338, 2.346 2-366 
O-87434 osTaia 0-87528 0- 87556 0-87620 0-87676 
205 we 312 321 317 320 


Whence at, ~ 7-02 + S6w,; Bd, ~ 0-250, — 2-Bw,, 


Anthranol methy/ ether. 


1277 1836 2451 2028 
2.2007 2 2060 23074 23111 
0-87650 ©- 87808 0- 87040 0 88056 


Whence ot, ~ 1-36, (mean); Bd, =~ 0-238 (mean), 


Ethyl salicylate 


9215 12,060 17,932 
22-3164 2-3301 23605 
0-87620 0-87536 0-87676 


Whence at, ~ 482 (mean); fd, — 0-187 (mean). 


Ethyl p- hydroxybenzoate. 


2908 3977 4483 5589 
2-2872 2-2042 2-2075 2.3020 
087468 o 087486 a 


Whence at, ~ 531 (mean); Bd, — 0-267 (mean). 








564 Derbyshire and Waters: The Significance of 


Results.-These have been calculated wa the equations @P; = M,/p,(1 + Ces,), and 
CMNay — J Balt (at 25°, cf. Le Pévre, Trans. Faraday Soc., 1950, 4, I For zene, p, ~ & 
cc ~- 


Substance 
Anthrone 
Anthrano!l methy! ether 
Ethy! salicylate 
Ethyl p-bydroxybenzoate 


* Calc. from atomic and bond refractions + Cf. LC.T., vol. I, 
Calc. from ethyl! benzoate (42-6 cc.) and hydroxylic oxygen (1-5 c c.). 


Previous Determinations.—-These are as follows: Anthrone: (@/)’y), ~ 341 c.c. in benzene, and 
= 3-66 D. using (Rzlp = 58 cc. (Coomber and Partington, J, 1938, 1444). Ethyl salicylate: » = 
2-88 Dp. in benzene at 40-2° (Hrynakowsky and Kalinowsky, Compt 4 1933, 197, 483; actual 
polarisations not recorded). 

Our results for anthrone differ from those of Coomber and Partington in that their P, values, calculated 

the usual mixture relation, with dilution, while ours decrease. Consequently, our final » 

46) is lower than theirs (3-66). We therefore mention that the above eight anthrone solutions have 
am examined singly or in pairs on occasions widely spaced over nine months, and have involved 
different batches of benzene. The contrast cannot easily be ascribed to instrumental “ drifts,” 
evaporation, etc 





Assistance from the Chemical Society and the Commonwealth Science Grant is gratefully 
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107. The Significance of the Bromine Cation in Aromatic 
Substitution. Part 1. Kinetic Evidence. 


By D. H. Dersysnuire and Wituiam A. WarTERrs. 


Hypobromous acid in mineral acid solutions becomes a powerful brominating agent on 
account of the production of bromine cations: H* + HOBr == (H,OBr)*. 

This has been established by brominating sodium toluene-w-sulphonate with hy nae 
acid in the presence of perchloric acid as catalyst and demonstrating that 4, ) is very 
nearly constant. This reaction exhibits a slight negative “ primary salt effect,” as would be 
anticipated on the Brensted-Bjerrum theory of reaction rates 

Bromination of benzoic acid is a similar reaction, but at high concentrations of the acid 
catalysts (sulphuric and perchloric acid) the bimolecular reaction velocity rises abnormally 
This concentration effect can, in the main, be related to the magnitude of Hammett's “ acidity 
function,’ H,, but in addition a positive linear “ salt effect "' can be discerned 

At pH 7-8 the relative brominating powers of molecular hypobromous acid and molecular 
bromine have been compared, by use of sodium p-anisate as the reactant. Molecular bromine 
appears to be about 2000 times as active an agent as hypobromous acid, but buffer salts 
evidently react with the latter to produce other complex brominating agents, such as 

BrHPo,) The ion (Br,)~ does not seem to have any detectable brominating power 


Most investigators of bromine substitution seem to concur with the view (Ingold, Smith, and 

Vass, /., 1927, 1245; Ingold, Chem. Reviews, 1934, 15, 271) that 9 polar reactivity of a reagent 
+ t- 

Br—-X depends upon its polarisability to the activated state, Br— X, and can be related to 

the electron affinity of X, thus 


most reactive BrCl] > Br--Br > Br---OH least reactive 


Experimental evidence for this view was put forward by Francis (J. Amer. Chem. Soc., 
1925, 47, 2341) who found that at about pH 3 bromine water reacted with m-nitrophenol at 
about a thousand times the speed of free hypobromous acid, and developed the view that the 
true brominating agent might in each case be the bromine cation, Br*. Later, however, his 
conclusions were criticised severely by Alexander (J., 1938, 729) who studied the bromination 
of phenols on the surface of w/100-sulphuric acid and decided that hypobromous acid was a 
powerful brominating agent. Much earlier, Stark (Ber., 1910, 48, 671) reported that 
hypobromous acid, prepared by shaking a 10%, suspension of bromine in water with mercuric 
oxide and filtering the resulting solution, readily brominated both benzene and toluene, and 
even converted benzoic into m-bromobenzoic acid in 89° yield in 24 hours, whereas bromine 
water had not this reactivity. 
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Whilst a number of workers (¢.g., Baines, j., 1922, 1281, 2810; Bartlett and Tarbell, 
J. Amer. Chem. Soc., 1936, 58, 467) have studied the effects of acids and of bromide anions 
on the equilibrium Be, + MO em BOM + 1° + Br” and thels Snplicntions . i for addition 

> ae 

and substitution reactions in which polarised molecules, such as Br--Br rather than free 
bromine cations, Br*, may be involved, very few appear to have examined the effects of acids 
on bromide-free solutions of hypobromous acid. As already reported in brief (Nature, 10949, 
164, 446) we were surprised to find that, though free hypobromous acid has no tendency to 
react with benzene in dilute aqueous solution, yet on the addition of a mineral acid bromination 
readily occurs. Evidently the discrepancy between the results of Francis and of Alexander is 
due to the different acidities of their media; the results of Stark, which we have ourselves 
confirmed, are also explicable by the fact that his reagent is noticeably acidic; it had pH 2—3 
when examined with a pH meter using a glass electrode. 

As we have stated (loc. cit.), this enhanced reactivity of hypobromous acid in acidic media 
can be explained by the hypothesis that a rapid reversible reaction with hydrogen ions occurs 


to give either free bromine cations 
H* + HOBr == H,O+Br ... . ~ « (ta) 


or the complex hydrated bromine cation (H,OBr)* which is the conjugate acid of the very 
weak base HOBr 


H* + HOBr <= (H,OBr)’ (1) 


According to this view, hypobromous acid can behave as a brominating agent in the same 
way as nitric acid behaves as a nitrating agent (Gillespie and Millen, Quart. Reviews, 1048, 2, 
277), though since the intensely reactive bromine cation can be formed at much lower acidities 
than can the NO,” cation it may perhaps react as the solvated entity (H,OBr)*, comparable 
with the nitracidium ion (H,NO,)* (cf. Halberstadt, Hughes, and Ingold, Nature, 1946, 158, 514). 

Though at first we thought that our experimental findings were novel, we have now seen 
that exactly the same theory had already been advanced by Shilov and Kaniaev in 1939 
(Compt. rend. (Doklady) Acad. Sci. U.R.S.S., 1939, 24, 890) who studied the bromination of 
the sodium salt of anisole-m-sulphonic acid by bromine-free hypobromous acid and showed 
that it was a second-order reaction which proceeded at a rate which was nearly proportional 
to the hydrogen-ion concentration of the medium. We now report the results of similar studies 
of two other aromatic substrates, (4) sodium toluene-w-sulphonate and (6) benzoic acid, which 
we selected because they are not attacked by bromine-water. 

In m/200-aqueous solution at 21°56", sodium toluene<«-sulphonate does not react with 
vacuum-distilled, bromide-free hypobromous acid; a mixture at pH 5°18 (glass electrode) 
showed no drop in titre during 30 minutes. Similar mixtures brought to pH 2 by the addition 
of perchloric acid had half-reaction periods of about 15 minutes, and the usual tests of varying 
{HOBr) and [Ph-CH,°SO,Na) independently showed that the substitution was a process of 
first order with respect to each of these reactants and strictly second order as a whole, until the 
substitution was more than 90% complete 


Taste i. 


Bromination of sodium toluenc-w-sulphonate with hypobromous acid at 21°5° in the presence of 
perchloric acd, 
& (bimolec.), 

HOBr, PhCH, SO,Na observed Lan Total ionic 

-., xlo* uw. xio* . xine mole /1. /sec.) (o Ay /HCIO, strength, » 
473 . . 1-284 0-03 13-5, 01013 
347 0-66 + 0-03 140, 06-0613 
438 0-675 + 0-02 143, O-0542 
391 . 2: 0-345 + 0-01 #7, 06-0306 
4-08 . 0-146 + 0-002 16-4, 0-0165 
3-99 . 06-0723 + 0-0006 15-3, v-Olls 
461 7 3 0-313 + 0-006 13-2, ©-1013 


falls with tume 
HC10, plus from 
236 x iv 23 to O17 
Lit) 
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From Table I, which summarises our results, it will be seen that A... falls by only 12% 
for a 20-fold change in the perchloric acid concentration, and that it drops steadily as the total 
lenis strength of the sefetion ts inesensed. At the dilutions which we have used, both perchloric 
acid and sodium tolu ulphonate will be ionised completely. Hence it is the toluene-w- 

anion which is really substituted and consequently the slight variation of hj. with 
dilution is ascribable to a “ primary salt effect” (cf. R. P. Bell, “ Acid-Base Catalysis,” 
Chap. 2, Oxford, 1941) as the following analysis will show. 

Using the Brensted-Bjerrum theory of reaction rates in solution we may write the 

equilibrium (1, 6) above as 





P on f f 
= =.) ‘ ee 
* = TH}. (HOBr) * Vas. faom’ 4) 

and the substitution reaction as 


(H,OBr)* + (PhCH,SO,)- —"> H,O + H* + (C,H,BrCH,SO,)- (2) 


fh -Sar~) 
Velocity of reaction oma Hy, OBr*) {Ar} « { teams Ser: 
o. 
where Ar™ is the aromatic anion which is brominated and /, is the activity coefficient of the 
transition complex of the bromination reaction. 


Hence v = Ka,{H*)(HOBr}[Ar~) x {/s- fn~-fuom) 


Writing Mince. (measured) x (HOBr] . [Ar~) = 4... {H*}(HOBr}(Ar~ 


we have hon Kr, {/ae- Sut -Suone 
Se 
At ionic strengths, », of under @1 mol./litre, the Debye-Hiickel expression, 


— loge fi = Aa*u!, may be applied for each ion involved, x, being the charge on each reactant 
concerned, and hence equation (C) above gives 


Loge Ross, = log hy — Auh(et,.- + tye — tty) = log hy — y? . (D) 


where log A, = logy, KA, at infinite dilutions, and yu is the total ionic strength of the solution, 
since our reaction is one between univalent ions of opposite electrical charge and the theoretical 
values for A and s, are 05 and zero respectively. Thus in theory we should expect that the 
reaction would exhibit a negative primary-salt effect, and that the graph of log, 4... against p* 
should have a limiting gradient of —1 in extremely dilute solution. 

Fig. 1 shows that our experimental! data accord with an equation of the form (D) though 
the slope of our plot (found, 0°3) is somewhat lower than the theoretical value. In particular 
we would draw attention to the fact that point X on the graph, corresponding to the experiment 
in which 0:0706N-sodium perchlorate was added to a 0°0236n-perchloric acid solution so as to 
bring « up to the value for the strongest acid catalyst used, falls satisfactorily on the linear 


The low gradient of our graph is a natural consequence of the use of solutions somewhat more 
concentrated than those to which the Debye—Hiickel theory is properly applicable, and the 
deviation may possibly be related to the fact that the transition complex of the attack of the 
bromine cation on the aromatic nucleus of the toluene-w-sulphonate anion is not a simple 
electrically neutral entity but a large dipole, since the bromine cation approaches an uncharged 
carbon centre remote from the sulphonate group. 

It may be noted that a similar negative salt effect seems to influence the substitution studied 
by Shilow and Kaniaev, in which again the reactants are ions of opposite charge, viz., 
(MeO-C,H,°SO,)~ and (H,OBr)* 

Whilst the addition of sodium perchlorate to a reaction mixture had only a small effect on 
the reaction velocity, the addition of a smaller concentration of lithium chloride has a much 
greater effect. It noticeably decreased the rate of bromination and complicated the reaction 
kinetics. This may be ascribed to the setting up of the further equilibrium (3). It would 
appear that bromine chloride is a less active brominating agent than the bromine cation 


(H,OBr)’ + Cl- == Br—-Cl + H,O «+ oe 
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(cf. Shilov and Kaniaev, loc. cit.}. Since similar equilibria (4), giving other electrically neutral 
brominating agents of uncertain reactivities, would be set up by adding salts of weak acids to 


(CH, CO,)~ + (H,OBr)* == CH,CO,-Br+H,O. . . . (4) 


our reaction mixtures (cf. Mauger and Soper, J., 1946, 71) it is not possible to extend the range 
of these studies of the reactivity of the bromine cation by carrying out reaction velocity 
measurements in buffered solutions in the range pH 3—6. 

Somewhat different results have been obtained from our study of the bromination of benzoic 
acid. For this, in order to obtain an adequate concentration of the reactant, we had to use 
40% acetic acid as the solvent, and as catalysts we took both perchloric and sulphuric acids 
over the concentration range 0-1—2°5~. Consequently the aromatic substrate was always the 
undissociated benzoic acid molecule. Tests showed that even in our most concentrated 
mineral acid catalysts the acetic acid was not attacked by the bromine cation, and a larger- 
scale preparation confirmed that m-bromobenzoic acid was the main reaction product. 


Pre. 1. Pio. 2. 


Bromination of sodium toluene-w sulphonate with Bromination of benzoic acid with bromine 
hypobromous acid. cation 


at 


20 


~. 
a 


hy* 0”. mole /litre/ sec 
@ S 


te 





i i rT at 
On” Ors 020 025 os 


Vionic strength (mole /litre)?*. Strength of ace catalyst, mole //itre 
Relationship between log has and Vionie drength Relationship between hy, and acid comcentration. 











Fig. 2 shows that both perchloric and sulphuric acid catalyse the reaction between 
hypobromous and benzoic acids to an extent which is roughly proportional to the mineral acid 
concentration up to 0-3n., but that at high acid concentrations the value of 4... increases as 
[Acid] increases, and sulphuric acid then becomes somewhat less effective as a catalyst than 
perchloric acid. 

Though the Debye-Hiickel theory is unable to predict the nature of the salt effects which 
influence reactions between ions and neutral molecules, an enhanced catalytic effect at high 
acid concentrations can be expected from analogy with hydrogen-ion-catalysed reactions, 
such as sucrose hydrolysis, in strong mineral acid solutions. For such reactions Hammett 
Chem. Reviews, 1935, 16, 67; “ Physical Organic Chemistry,” Chap. 9, New York, 1940; 
Hammett and Paul, J. Amer. Chem. Soc., 1934, 56, 830) from studies of indicators of the type 
[+ H* == HI* has defined expressions (E) for experimentally measurable “ acidity 

Hy, <= pk, _- log ye Mr”) = — logue {ans J > > and hy = Gyr fi a (EB) 
f) Sax! fux* 
functions " H,, hg, which were found to be independent of the nature of the indicator chosen. 
He therefore suggested that in strong acid solutions A, might be used to replace the activity 
coefhcient factors in the usual Brensted—Bjerrum salt-effect equations. Indeed he showed 
experimentally that the kinetic expressions (F) 


hk = Const. x A, and logy, 4 = —H, + Const. . (F) 
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could often replace the ideal equation 4 « Const. x [H*) which holds satisfactorily for very 
dilute solutions only. 

Fig. 3, in which Hammett’s acidity function H, tor aqueous sulphuric acid (Hammett and 
Deyrup, |. Amer. Chem. Soc., 1932, 54, 2721; Hammett and Paul, ibid., 1934, 56, 827) has 
been plotted against logis A.reurve; for the sulphuric-acid-catalysed bromination, shows that 
his velocity relationship (F) holds at low acidities, when 4... is approximately constant, but 
that at higher acidities A4.,.....5 increases rather more rapidly, since logis \weeves Decomes 
a linear function of H, with a gradient of —1°7 instead of the expected value of —10. It is 
improbable that this discrepancy can be due to the use of 40%, acetic acid as the solvent, since 
Paul and Hammett (ibid., 1936, 568, 2182) have reported that H, for sulphuric acid is almost 
the same in 50%, acetic acid as in water. A similar positive deviation of substitution rates 
from acidity functions has been noted for aromatic nitrations in 80—-90% sulphuric acid 
(Gillespie and Millen, loc. csé.). 

Now for the bromination of undissociated benzoic acid we may write (G) : 


, . (f fu . 
hoe {Benz)(HOBr) = Kk,{HOBr){H*)(Benz (fnone ja foe G 
iy? 
. +, ryger [fat -Saone) — {faone? «Sirens. 
and hence Rereves ™* Kh SH i , x -— > (H) 
Bppe / wr? J 
If Hammett’s acidity function hypothesis is to be followed, then we should compare the activity 
{fa 80% with the expression < fur -fi\ 
\ Saone* \ Sur* - 
(1b) is exactly that corresponding to a weakly basic indicator. Equation (H) above, however, 
shows clearly that the bromination which we have studied depends also on the ensuing chemical 
reaction between the (H,OBr)* cation and the benzoic acid molecule, and for this reaction the 


; Sagore* I rene 


factor for an indicator system, since equilibrium 


further activity factor product must be taken into account. Since high 
i we j 

concentrations of ions and molecules are involved it would be expected that our reaction 
should exhibit a positive linear salt effect (cf. R. P. Bell, op. cit. ; Glasstone, Laidler, and Eyring, 
“ The Theory of Rate Processes,” p. 62, New York, 1941) ascribable to the net value of the 
activity-coefficient expression given immediately above. The extended Debye-Hiickel theory 
would then lead to the expression (I) 


1OK 19 Putearred ™ —He + By Const (I) 


and since at high acid concentrations H, becomes nearly a linear function of the mineral acid 
concentration (Hammett and colleagues, loc. cit.) the “ salt effect” represented by the term 
By in equation (1) may be written as b4,. Equation (I) then reduces to (J) 


10K yo Autecrves ™ — (1 + 6)H, + Const J 


and in this way the shape of the graphical results of Fig. 3 becomes explicable. This 
theoretical approach is however far too approximate for any attempt at quantitative treatment. 

Table Il shows that neutral salts still further increase the rate of bromination of benzoic 
acid in both sulphuric and perchloric acid. This may be due both to the positive salt effect 
discussed above and to the effect of neutral salts on the acidity function H, (Hammett and 
Paul, /. Amer. Chem. Soc., 1934, 56, 828). 


Taste il 
The effect of neutral salis on the bromination of benzoic acid by bromine cations at 21°5°. 


Acid Salt added hy, (found 
H,SO, 0-204 - 0-01626 mol. ‘1 
H,S 0 204™ ) 3 00-0689 
HOW}, 0-4468™ 0-036 
HOO, 0-448™ Nalo, 0-448 0-047 

, 

. 


sex 


oor 


HCO, © 224™u NaClo, 0-672™ 00-0242 


In the concentration range which we have used, the acidity functions for sulphuric and 
perchioric acids are almost identical. The slight deviation in the catalytic reactivities of these 
two acids may perhaps be due to the intervention of the equilibrium (5 


H,OBr)* + (SO, ==> (SO,Br)~ + H,O (5) 
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since the second dissociation constant of sulphuric acid is low enough for the (SO,)~~ anion 
to function as a base. From the relevant equations for the equilibria concerned, it is easily 
possible to derive the expression (K) 


(SO,Br-) = Const. (HOBr)[HSO,~ . (% 


which is similar to those used by Mauger and Soper (loc. sit) tn comubectag the eeate ot bates 
on certain substitution reactions of hypochlorous acid. From equation (K) it can be seen 
that there should be an increasing conversion of highly active (H,OBr)* cations into inactive 
(SO,Br)~ as the concentration of the sulphuric acid is increased, though this should not be an 
effect of the same order as the increasing conversion of neutral HOBr into (H,OBr)*. 

The Relative Reactivities of Hypobromous Acid and Molecular Bromine.—The foregoing work 
has shown that the relative rates of bromination by means of molecular hypobromous acid and 
molecular bromine cannot be compared in appreciably acid solution. To confirm thr 
correctness of the polarity theory of Ingold, we have made a direct comparison of the relative 


Fic. 3 Pre. 4 


Relationship between log ky and Hammett 5 acidity Bromination of sodium p-anisate with 
function H, for the bromination of benzoic acid hy pobromous acid bromine mu xtures 
with a sual phveric acid catalyst at pH 7-68 


= 
~ 


2s 


O6 
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hus, (fownd) mote ‘litre! sec 
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Gradient 1-0 
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Hammett’ s acidity function H,. (Br~} . (H*}/ Kage. 


Relationship between hy, and (Br~)[H1"}/Kigg. 
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velocities of substitution of sodium p-anisate by these two substances in dilute solutions in 
phosphate buffers in the range pH 7—8, i.¢., in circumstances in which hypobromous acid 
(K, = 2°06 x 10°) (cf. Shilov and Gladtchikova, ]. Amer. Chem. Soc., 1938, 60, 490) would be 
undissociated and the aromatic substrate present as the anion. At pH 7°6 hypobromous acid 
gradually decomposes giving some free bromine, and so when it was used in homogeneous 
solution the rate of substitution was found to rise after a time. However, by working with a 
rapidly shaken solution containing suspended silver phosphate it was possible to obtain good 
second-order velocity constants until more than 75% of the material had been used; these 
constants corresponded to the initial velocity of the reaction in a similar solution containing no 
silver phosphate, which therefore acts only to regenerate hypobromous acid from aqueous 
bromine. 

Bromine itself reacts far too rapidly with sodium p-anisate for it to be possible 
to obtain accurate velocity constants, but convincing results were obtained by adding 
small quantities of potassium bromide to the homogeneous hypobromous acid solutions, 
when, as our observations show, the equilibrium (6) is set up instantaneously. If we assume 


HOBr + Br~ + H* 5 = + EP ‘Te he Ae oe 
that this is true, and that hypobromous acid and besuaian substitute concurrently, and remember 


that they can be titrated in exactly the same way, we can write (L) 
rr 
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Velocity of substitution = hy [HOBr)[Ar~) 
= Anom{HOBri[Ar~) + &y,,{Be,)(Ar~) 
~ (HOBr}(Aragom + AalBe)(H*)/Kys} - - (L) 


where Ky, «= (Br~)(H*)(HOBr) /Br,), the equilibrium constant for (6). The latter has been 
calculated as 4°29 x 10° at the temperature used (21°5*) from the equation given by Liebhafsky 
UU. Amer. Chem. Soe., 1034, 56, 1500; 1939, 61, 3513). 

Now substitution of an aromatic nucleus by hypobromous acid does not affect the acidity of 
the solution, and the reaction (7) 


Br, + McOC,H,CO,- —» Br- + H* + MeOC,H,Brco,- |...) 


(i) regenerates bromide anions as the free bromine is consumed and (ii) reproduces 
the hydrogen ions used up in the formation of molecular bromine (equation 6), 
so that in our reaction system both [Br~) and [H*] remain constant. Consequently, as 
Pig. 4 shows, the graph of A, against the function (Br~}[H*)/K, gives a linear plot, from 
the slope of which 4,,, has been evaluated as 119 mole /I. /sec. 

The data plotted on Fig. 4 give the ratio Ayog, : Ap, a8 1 : 1100, and an approximate ratio of 
this order was also obtained in attempt to measure ’,»,, directly in an identical buffer solution. 

However the figure for 4yop, derived from the data of Fig. 4 is itself that for a composite 
velocity constant. Lines |—4 of Table III show that as the normality of the phosphate buffer 
is increased the velocity of bromination of sodium p-anisoate (without added bromide) increases 
also, though the pH of the solution has not changed. On the other hand comparisons between 
lines 24 and 2b, and between lines 34 and 3 of Table III show that if the acid component of 
the buffer is kept in constant concentration, then, although the pH of the reacting mixture may 
vary in the range of pH 7-8 which does not sensibly affect the dissociation of molecular 
hypobromous acid, the velocity of bromination remains nearly constant. 


Taste ITI. 


Bromination of sodium p-amsate with bromune-free hypobromous acid in phosphate buffers 
at 21°5°. 


Na, HPO, KH,Pt s pH (glass HOBr, Anisate, hy, (found), 


“. x le “, x le electrode). u, xio* u, xlio mol. /L /sec 
200 . 0-105 
200 ‘ 4 112 
fu) 2 : 0-103 
400 t . 161 
400 . . 166 
ao ‘ 221 


No buffer salt § By extrapolation sy 0-05 


These results can be explained, in accordance with the views of Mauger and Soper (loc. cit.), 
by supposing that there can be formed a bromine phosphate which is somewhat more reactive 
than undissociated hypobromous acid. Thus a change in the potassium dihydrogen phosphate 
concentration shifts the equilibrium (8), whilst a change of the pH at constant [H,PO,~) 


HOBr + H,PO, <= (BrHPO)-+H,O ...... & 


does not. The second dissociation constant for phosphoric acid (K, =— 6 x 10) is much 
greater than the dissociation constant for water, and this sequence therefore accords with 
Ingold’s views on the relative reactivities of compounds Br--X. 

The extrapolation of the experimental results of Table III shows that the value of Ago», 
for the bromination of sodium p-anisate in the absence of any buffer is of the order of 1/2000 
of the value of £,y,. computed from the data given in Fig. 4. This ratio is about double that 
of the previous estimates of Francis and of Shilov and Kaniaev, neither of whom however 
took such careful precautions to eliminate either effects due to acidity or effects due to small 
traces of free bromine 

The results of the first part of this paper show conclusively that the bromine cation is very 
mach more reactive than molecelar bromine, but since the value of the equilibrium constant for 
the systern (15) is unknown we cannot express in figures the relative reactivities of molecular 
and kationic bromine. Alexander (loc. cit.) has ascribed an appreciable brominating power to 
the complex anion (Br, On the other hand, Bradficid, Davies, and Long (/., 1949, 1393) 
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have shown that (Br,) "is a mach less active brominating agent than either hypobromous acid 


Our results show that the ion (Br,)~ cannot play an appreciable part in 
the bromination of sodium p-anisate under our conditions of reaction, for if a concurrent 
substitution by this ion were concerned then the reaction velocity equation (L) (p. 570) would 
have to include a term 

bp - BP. TH} 


Ba” + © apt 
which is of second order with respect to [Br~) 

The theoretical curve for Fig. 4 would then become parabolic and not linear. The linearity 
of the results plotted in Fig. 4 therefore establishes that at pH 7-—8 the most active brominating 
agent present in aqueous solutions is the simple bromine molecule, Br, At this acidity the 
concentration of the bromine cation (Br* or H,OBr*) must be quite insignificant because the 
substitution of sodium p-anisoate is not pH-dependent in slightly alkaline solution. Again, 
addition of bromide anion cannot in any way increase the concentration of the bromine cation 


in the equilibrated system (1) (p. 565), yet it does most markedly increase the rate of aromatic 
substitution. 


Finally we would point out that in polar solvents the substitution reaction of N-halogeno- 
compounds may often be due to the formation of similar systems of cationoid reactivity (¢.¢., 9). 


R,N—Br + H* <> (R,NH—Br)t == R,NH+Bre 2... . 


Schmid (Helv. Chim. Acta, 1946, 29, 1144) for instance has found that N-bromosuccinimide 
can be used to substitute benzene and toluene in the presence of concentrated sulphuric acid. 
The molecular rearrangements and aromatic substitutions which can be effected by N-chloro- 
and N-bromo-compounds are again reactions which proceed via their conjugate acids, since 
they are dependent on general acid catalysis. 


EXPERIMENTAL. 


Hypobromous Acid.—Aqueous solutions of hypobromous acid were prepared by the method of 
Shilov and Kaniaev (J. Gen. Chem. Russia, 1938, 8, 445, in Russian) by shaking ca. 0-08»-bromine- 
water, made from purified bromine, b. p. 58-1°/747 mm., with an excess of freshly prepared silver 
phosphate. When the smell of free bromine had disappeared (1 hour), the resulting solation was 
distilled from a water-bath at 40—50° under a water-pump vacuum, in an all-glass apparatus the 
outside of which had been covered with a heavy coat of black paint to exclude light. condenser 
and receiver were both cooled in ice-water, and latter was — ted by a trap tc avoid back-diffusion 
of impurities arising from interactions of hypobromous acid and rubber connections. The hypobromous 
acid solutions thus obtained were about 0-(2m. and had a very pale yellow colour, most of which was 
due to the presence of traces of free bromine. Nearly all the latter was then removed by extracting the 
distillate at 0-—5° with carbon disulphide-free carbon tetrachloride, and the last traces of the extractant 
were eliminated by centrifugation. Solutions of hypobromous acid ae mere in this way give no 
precipitate with silver nitrate, though on storage an opalescence gradually develops. Analyses, 
carried out as described below, show that the product may stil! contain > 2% of free bromine, but 
that it is almost free from bromic acid. It is reasonably stable at 0° t, when frozen so that ice 
separates and the remaining liquid becomes much more concentrated, extensive decomposition occurs. 
Aqueous solutions which have been diluted to about 5 x 10°°m. can be kept for about an hour at 
summer temperatures (20---25°) without exhibiting any change in titre or noticeable increase in free 
bromine content 

For the kinetic work these solutions were y analysed by the following methods, and alk 
wan eutdie tas Goo avenanee a4 tna Societal ees established that this did not react with 
either benzoic acid or sodium toluene-w-sulphonate in the aqueous mixtures used. 

Analytical Methods.—(i) (HOBr + Br, + H was determined by addition to potassium iodide 
in dilute sulphuric acid solution followed by thiosu te titration. (ii) Br, was estimated by difference, 
since it did not react with benzoic acid even in strong sulphuric acid solution. 5 M!. of the hypobromous 
acid reagent were run into 20 mi. of a solution of | g. of benzoic acid in a mixture of 40 ml. each of 
stabilised glacial acetic and 10~x-sulphuric acids in a stoppered flask. After 6 minutes, when the HOBr 
had reacted completely, aliquots of this solution were run into aqueous potassium iodide, and titrated 
with thiosulphate. (in) HBrO, was determined also by difference, by use of an excess of aqueous crotonic 
acid to remove both HOBr and Br, as indicated by Shilov and Kaniaev. The remaining HBrO, was 
allowed to liberate iodine from potassium iodide in strong hydrochloric acid in the presence of a few 
drops of ammonium molybdate solution, added as a catalyst. A typical analysis gave the values 
HOBr, 0018mu.; Br, 5 x 10*.; HBrO, under 4 x 10%. 

Quantitative Bromination of Sodium Toluene -w- sulphonate — Sod tol honate (Fromm 
and Seixas Palma, Ber., 1906, 39, 3309) was crystallised first from hot water and thes from absolute 
alcohol, and finally dried in a vacuum at 100°. It was neutral, stable to cold permanganate solution, 
aie can mln ab uous Gib cae aun ae aed A stock solution in distilled 
water was mixed d with dard perchloric acid prepared from AnalaK chloride-free 
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material. Vor kinetic measurements, freshly prepared dilute hypobromous acid was added to the 
prepared sampies of the acidifed aromatic compound contained in blackened glass-stoppered flasks 
umersed in a thermostat at 21-6" » 0-06", the initial volume regularly being 50 mi. At intervals, 
S-ml. portions were withdrawn for titration with »/1! te, by a semi-micro-burette. Since 
the temperature of the thermostat was very close to that of the tory the time of reaction could be 
measured to as high a degree of accuracy as that of half-addition of the mixtures to acidified 
Immediately after each experiment the purity of the hypobromous acid solution was 


The examples in Table IV show the accuracy of the determinations of the second-order reaction 
velocity coefficsent 
Taste IV. 
Bromination of sodiwm toluene-- sulphonate with hypobromous acid. 
(A) Pht H,SO,Na ~ 7 = 10%, HOBr (B) PhCHySO.Na 700 = l*s.. HOBr ~ 
073 x 10s. HCO, = 609626 4079 x lr, HOIO, = -00942~ 
Titre HOBr Titre HOBr 
Time (corr. for remaining, 4 (bimol.), ecorr.for remaining, 4 (bimol.', 
min sec Br,), mi! calc Br,), mi cale. 
450 3-06 
37 g 1 306 
2648 : 1-263 
ia 1-268 
110 ; 1-286 
66 1-279 O-1448 
wal 1-154 0 1446 


1-275 + 0-03 mole /litre /sec Mean 4y + 0-002 mol. litre sex 


06-1477 
1479 
1440 
o 1460 


SSEUSET He 
~~ te «1 Ge te 


Quantitative Bromination of Henze Acid —AnalakK benzoic acid was dissolved in purified acetic ack: 
Orten and Bradfield, /.. 1924, 125, 960), and the solutions were diluted with the chosen specimens 
of dilute sulphuric or perchloric acids so that the final mixture contained 40% of acetic acid by volume 
Velocity measurements were conducted at 21-5" by the procedure described above, The examples in 
Table V show that the bromination is strictly a second-order reaction 


Tastz V 
Bromination of hensoic acid with hypobromous acid 
(4) PCO, 7 876 lo*s., HODr 3-747 B) PCO = 7-876 « ld *u., HOBr 4-035 
<« bos. HSO, 2 352~ x r*s., HOO, ~ &1176n 

Titre HObBr Titre HoOBr 

corr. for remaining, 4 (bimol.), Time (corr. for remaining, 4 (bimol 

Bir,), mi 4 calc mn nee 4 cak 
5-92 loo -- - 
3.38 ‘ 0 2503 7 3. i 00487 
a“ : (2432 5 2 OOS 1) 
oe ©2577 ‘ 5 2-5 - moostl 
i-20 o 2568 “7 - o-oo51) 
os 2: 2580 7 #00612 
oes 2-3 0-2680 7 : > 1 OO507 
o-26 i 0 2586 

Mean ty 5a 0-004 mole litre sec 


Bromaation of Sodiwm p-Anisate with Hypobromous Acid -—Hypobromons acid, prepared as 
leacribed above, was shaken with freshly prepared silver phosphate at 0° for 4 hours, filtered through 
sintered glass. and added to a buffered solution of sodium -anisate maintained at 21-5° in a thermostat 
Table VI indicates the ensuing rate of reaction. The pH given was determined by means of a glass 
lectrode standardised against pure potassium hydrogen phthalate 


Tasts VI 


Reaction of hypobromous acid with sodium p-anisate at pH 7°58, 
MeO HyCONa =~ 703 x los, HOBr Na, HPO O-O1l3M 
420 » is Me : KH, Yy 0-0020™ } Butter pH 


Titre (corr & (birmmol.), Time Titre (corr & (birmol 
for Br,), mi cak min sex for Br,), ml cal 


7-58 


415 12 19 1-06 ©1776 
345 110s 7 5 1-36 2075 
2 38 #1529 23 0 om 2339 


Since solutions of hypobromous acid when stored at pH 7-—8 in the absence of the aromatic reactant 
radually developed a yellow colour, this increase in 4, was ascribed to the slow formation of free 
bromine. To obviate this, a similar mixture containing silver phosphate still in suspension was 
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agitated mechanically whilst the bromination with sodium p-anisate was carried out. Under these 
conditions the result recorded in Table VII was obtained. 


Tastz VII. 


Reaction of hypobromous acid with sodium p-anisate in presence of solid silver phosphate at 
pH 7°58; temp. 21°5°. 
MeO-C,H, CO Na = 1406 = 10%™., HOBr = PO, ~ OO113m. 
6-043 x lou. KILO," — oes "}Batier pH = 7.58 
Titre HOBr i HOBr 
remaining, 4 (bimol.), remaining, 4 (bimol.) 
%. calc %- calc. 
loo — , P 1127 
819 #1212 582 ; . 1101 
68-5 O1148 w . 01100 
58-0 O1150 
Mean uy. = 0-113 + 0-003 mole/litre/sec. 
In subsequent experiments, in which potassium bromide was added to the reaction mixtures to 
provide a low, but constant, concentration of bromide anions, filtered h s acid solutions were 
used 


ypobromou: 
The extrapolation of the results so obtained (cf. Fig. 4) confirms the validity of the result given 
in Table VII and indicates that heterogeneous catalysis does not intervene 


Table VIII indicates typical results obtained in the p of low concentrations of bromide anions 





Taste VIII. 


Bromination of sodium p-amisate with a hypobromous acid—bromine mixture at pH 7°58; 
temp. 21°5°. 
MeO-C, HyCO Na = 743 x 10%, HOBr N PO, « 60113" er ~~ re ~ 7-08 (glass 
4-365 x fou. KBr = 1-68 x 10%. KH,PO, | ~ 0-002m. 


Titre HOBr Titre HOBr 
foorr. for remaining, & (bimol.), Time (corr. for on Sas & (bimol.), 
Br,), ml % calc. min, sex Br,), ml cak 
100 3 3 1-28 31- + 
75-6 ! 323 4 7 0-92 22-3 
5o1 1-304 5 42 O59 143 
43-6 1-289 7 ww OM 82 


Mean Ay 1-32 + 0-02 mole /litre ‘sec 


One of us (D. H. D 
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108. The Significance of the Bromine Cation in Aromatic 
Substitution. Part II. Preparative Applicability. 
By D. H. Dexpysmiee and Wiitiam A. Waters 


Acid solutions of hypobromous acid contain a very much higher concentration of bromine 
cations than do acid solutions of free bromine. Highly reactive solutions containing bromine 
cations can be made by adding mercuric or silver salts gradually to solutions of bromine in 
water or acetic acid in the presence of either nitric or sulphuric acid. Benzene, chlorobenzene, 
bromobenzene, and p-dibromobenzene can be brominated with such mixtures in 2n-nitric acid ; 
benzoic acid and methy! benzoate require a stronger nitric acid solution, whilst nitrobenzene, 
2 : 4-dinitrotoluene, and m-dinitrobenzene need 90% sulphuric acid. The expected aromatic 
bromination products have been isolated from these substances in 60-—80% yield. 

Bromine cations can also be formed by adding potassium bromate to acid solutions of 
bromine, and these mixtures too constitute active brominating agents 

Acetic and > aye acids, methyl alcohol, and dioxan all resist attack by bromine cations 
in 2~-mineral ac 

The experimental evidence substantiates the polar-activation theory 
substitution. 


of aromatic 
Tue kinetic evidence given in Part I (preceding paper) shows that hypobromous acid becomes 


a powerful brominating agent in the presence of mineral acid owing to the production of 
bromine cations (1), 


K 
H* + HOBe == (H,OBr)* , — (l) 
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and the present paper indicates the importance of this equilibrium in preparative chemistry 
and gives examples of its applications. 

The preparation of free hypobromous acid requires such care that the reagent as 
such cannot conveniently be used in quantity, and, as the following calculations show, only 
exceedingly minute concentrations of bromine cations can be present in aqueous solutions of 
{ree bromine. 

The equilibriem constant for bromine hydrolysis (2) has the low value of 47 x 10° at 
room temperature (Liebhaisky, J. Amer, Chem. Soc., 1934, 56, 1500), and consequently the 


H,O + By, => HOBr + Ht + Be. im ie 
Bt 


degree of hydrolysis « of a bromine solution of concentration C in a medium of acidity [H*) is 
given by the relation 
Cun cil a) = #47 x lo’ 


whence, writing (H,OBr*) « KTH*)(HOBr) and remembering that « is small in acid solutions, 
we can deduce that 


(H*) lo 


(H,OBr*} = Sp = approx. —~p— VTTP) 


whilst for equivalent solutions of hypobromous acid 
‘H,OBr*) = ClH*)/K 


For «/10-eolutions these two concentrations of bromine cations difier by an order of 10* in 
w-acid, and become comparable only under conditions approaching neutrality (pH ca. 6) in 
which « increases. However, in these neutral solutions (H,OBr*) is so minute that reactions 
due to bromine cations can no longer be clearly detected (compare the bromination of sodium 
toluene-w-sulphonate and of sodium p-anisate studied in Part I). 

However in acid media one can easily carry out brominations by means of bromine cations 
by adopting the simple procedure of adding to a bromine solution a further reagent which is 
capable of removing bromide anions from the system. For example, if silver nitrate is added 
to an aqueous bromine solution then, since the solubility product of silver bromide is 7°7 x 10°" 
at 25°, the conversion of bromine into hypobromous acid, via the hydrolysis (2), is so complete 
that we may write 

H,OBr H*!/HOBr) /K « (H*\((Ag*) added) /X 


Mercuric salts can be used in the same way, and since mercuric bromide, though un-ionised 
in acid media, is soluble in water the following simple experiments may be conducted to 
demonstrate the production and reactivity of bromine cations 

A little bromine water is added to an aqueous solution of benzene in each of two vessels. 
(i) To one sample dilute nitric acid is added; the solution remains of a clear orange colour 
(it) To a second sample dilute mercuric nitrate solution is added; the colour almost vanishes 
owing to the conversion of bromine into inactive hypobromous acid. (iti) Sample (ii) is then 
treated dropwise with dilute nitric acid; the bromine colour begins to reappear and the mixture 
soon becomes turbid owing to the separation of droplets of bromobenzene. As the reaction 
proceeds the colour becomes fainter again. (iv) When the acidified sample (i) is treated with 
mercuric nitrate solution, the bromine colour fades and dropiets of bromobenzene separate. 

On the preparative scale we have found that benzene can be converted into bromobenzen: 
in 80% yield by adding silver nitrate solution dropwise to a stirred emulsion of benzene in 
2n-nitric acid contaiming bromine. The 20% loss in yield is due to the formation of dibromo 
benzene. Mercuric nitrate gave a 70% yield, but the separation of the product was rather 
more difheult, since mercuric bromide is both slightly soluble in ether and slightly volatile 
Lead nitrate was useful only for rather more reactive substances such as toluene : lead bromide 
1s decided)y more soluble than silver bromide 

Aromatic substances which are very insoluble in water can be brominated in a similar way 
by using aqueous acetic acid containing either nitric or sulphuric acid. In this way we have 
successfully brominated chlorobenzene, bromobenzene, p-dibromobenzene, benzoic acid, and 
methyl bensoate, and have isolated in high yield the expected products of their cationotd 
aromatic substitution. lnactive mefa-substituting substances, such as nitrobenzene, m-<di 
nitrobenzene, and 2. 4-dinitrotoluene do not react appreciably with the low concentrations of 
bromine cations that are present in |—2n-acid, but they can all be brominated very effectively 
in 90%, salphuric acid by the use of silver sulphate. 





"1950) the Bromine Cation in Aromatic Substitution. Part 11. 575 


Silver sulphate is soluble in concentrated sulphuric acid, and when bromine is added to 
such a solution the mixture merely becomes opalescent, presumably because the acidity of the 
solution has diminished the hydrolysis of bromine so much that the solubility product of silver 
bromide is not greatly exceeded. When, however, the aromatic compound is added to this 
mixture, silver bromide is steadily deposited as the bromination proceeds. Evidently the 
removal of hypobromous acid, via (H,OBr)*, increases the bromide anion concentration so that 
silver bromide can be precipitated, and this simultaneous removal of both (H,OBr)* and (Br~) 
allows the complete reaction with bromine to be effected. With »-dinitrobenzene however 
heating to 100° was necessary. In the absence of silver sulphate these inactive nitro-compoands 
do not react, even at 100°, with bromine in 90% sulphuric acid, but when it is added the 
expected bromo-derivative can easily be prepared in 60—80% yield. 

Since no other method of bromination of these deactivated aromatic compounds, such as 
heating to a high temperature with an iron catalyst, gives comparable yields of clean material 
it is evident that free bromine cations must have an extremely high degree of reactivity. 

Nevertheless pyridine sulphate withstood attack under our conditions at 100°. It is possible 
that the free ion Br* rather than the solvated ion (H,OBr)* may be present in these 
concentrated acid solutions, but we have not attempted as yet to discriminate between them. 
This direct experimental proof that the bromine cation will attack substances such as benzoic 
acid and nitrobenzene which are not attacked by molecular bromine substantiates the theory 
that the catalysts normally used to effect aromatic bromination do so by polar activation, 
¢g., Br, + FeBr, => (Br*)(FeBr,~); their lower efficacy may perhaps indicate that ion-pairs 
rather than free bromine cations are often formed. Hence the major advantage of our new 
procedure may lie in the fact that the bromine cations are formed in solution and not on the 
surface of a solid catalyst. 

The physical principle of effecting cationoid bromination by removing bromide anions from 
an acid solution of bromine can be applied practically in other ways than those described above. 
For instance in 1875 Krafft (Ber., 1875, 8, 1045) noted that a mixture of bromine with potassium 
bromate in 33%, sulphuric acid constituted a brominating agent which would readily brominate 
both benzene and bromobenzene at room temperature, and we have confirmed that bromine- 
bromate mixtures are very effective in 50% sulphuric acid. The rdie of the bromate is clearly 
the removal of bromide anions 


5H* + SBr- + HBrO, ==> 3H,O + 3Br,. wo win 
and from the equilibria (1), (2), and (3) can be derived the relation 


(H,OBr}* = Const. (H*)[Br,)*t1Bro,)! 


which indicates that even small concentrations of bromates should be exceedingly effective as 
catalysts. 

It is interesting to note that the direct iodination of nitrobenzene has been effected by 
Masson and Hanby (/., 1938, 1699) by the use of a very similar system in which they considered 
that iodine cations were present. Many other similar reaction mixtures for the preparation 
and study of the reactive cations of the halogens can now be envisaged. 

It may be noted that we have, as yet, effected only the cationoid bromination of aromatic 
nuclei; alky! side-chains, as in 2 : 4-dinitrotoluene, do appear not to be attacked. Though we 
have not attempted to carry out the cationoid bromination of saturated aliphatic molecules in 
concentrated sulphuric acid we have found that carefully purified specimens of acetic acid, 
propionic acid, methy! alcohol, and dioxan were al] quite unaflected by hypobromous acid in 
2n-sulphuric acid solution. In each case the drop in titre of the hypobromous acid was not 
detectable after an hour at 22°4°. This would appear to be a significant indication that the 
reaction (4) does not normally occur in aqueous solution, although it conflicts with the recent 

H,OBr + RCH —> Breck, + HO. . - @ 
demonstration by Arcus, Campbell, and Kenyon (J., 1949, 1510) that a Walden inversion can 
be brought about by an analogous exchange of ions in carbon tetrachloride solution. The 


discrepancy may perhaps be due to the solvation of the bromine cation and the stabilising 
effect of the ionising solvent on the substitution reaction as a whole. 


EXPERIMENTAL. 


Bromination of Bensene.—Benzene (22 mi., 025 mol.) and bromine (6-5 ml., 0-125 mol.) were stirred 
in 1 1. of 2~-nitric acid, and g. (0-125 mol.) of silver nitrate in water (100 ml.) were added 
gradually during 1} hours. Lights wun exctaded Gon dhe vention adubure. After removal of residual! 
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by sodium sulphite the product was extracted with ether, dried, and fractionated. It gave 
Rapid addition of the silver nitrate diminished 
In the absence of silver nitrate there was no reaction. 
r (12 mi. 
, &i mol) ) were dissolved in a mixture of glacial acetic acid (200 ml.) and 
dibated oitric acid (50 a. {di 4 in 100 ml. of water To the stirred mixture, silver nitrate solation 
(17 g. in 60 ml. of water) was added dropwise during § hour. The resulting solution was diluted with 
water (21), freed from residual bromine, partly neatralised and extracted with ether. The dried extract 
was fractionated and the resalting p-chlorobromobenzene crystallised from alcohol; yield, 11 g.; m. p 
65. 467° 

Bromobenzene (17 g ) was treated similarly and gave 13g of p-dibromobenzene, of m. p. and mixed 
mp &-—e6 f Dibromobenzene (12 g.) was brominated similarly in a mixture of 700 mi. of acetic 
acki, 65 mi. of nitric aced (d 1-4), and 50 mi. of water at 40 The reaction product contained an 
involatile residue which was separated by fractional crystallisation from ethyl alcohol into | : 2: 4 
tribromobenzene, m ~~#*", and 1:2: 4: 5-tetrabromobenzenc, m 177—-1 78" 

Bromination of Acid and Methyl Bensoate.—Benzoic acid (13 ¢., 01 mol.) and bromine 
(&2 ml, @1 mot.) were dissolved in a mixture of glacial acetic acid (300 ml), concentrated nitric acid 
(65 mi), and water (50 ml), and treated dropwise, with vigorous mechanical stirring, with aqueous 
silver nitrate (17 g. in 100 m!. of water). The resulting solution yielded 14 g. of m-bromobenzoic acid, 
m. p. 152-154 Methy! benzoate (16 g.) was treated similarly and the product was distilled under 
reduced pressure; it gave 7 ¢. of methyl -bromobenzoate, b. p. 117-—130"/20 mm., m. p. 26-—30" 

Brommation of Nitrobensene and 2. 4- Denstrotoiuene.—Nitrobenszene (10 ml, 0-1 mol.) and bromine 
(42 mi, @1 mol) were dissolved in 4 mixture of 90 mi. of concentrated sulphuric acki and 16 ml. of 
water, and silver sulphate (17 ¢.. 01 mol.) was then added. The mixture was shaken mechanically for 
16 hours, after which time the colour of the bromine had almost disappeared and silver bromide had 
been procipitated The resulting solution was dilated with water, freed from remaining bromine, and 
extracted with ether The dried extract solidified on cooling and gave 14-8 g. (70%) ofm-bromonitro 
benzene, m. p. and mixed m. p. 56 

2: 4-Dinitrotoluene (165 ¢.. @1 mol.) was brominated in a similar manner during 36 hours 
and gave 16 ¢. (80%) of 6-bromo-2 : 4-dinitrofoluene which crystallised from alcohol in long 
male yellow needles, m. 1 7658" (Pound N, 10-6. C,H,O,N,Br requires N, 10-7% These 
came deep yellow on prolonged exposure to sunlight and gave a very intense reddish-purple colour 
when treated with acetone and aqueous potassium hydroxide The compound was not hydrolysed 
when refluxed with ak a ac potassiam hydroxule, and hence the bromine is neither adjacent to a 
nitro-groep ner in the p-<chait 

Rromination of m Fm bensene ~-m-Dinitrobenzene (8-5 ¢., 0-05 mol.), bromine (3 ml}, and silver 
sulphate (8 ¢.) were dissolved in concentrated sulphuric acid (100 mi The mixture was left overnight 
without the onset of reaction, tt was then heated under a reflux at 100° for 11 hours, during which silver 
leposited The resulting solution, after dilution with water, yielded 6-5 ¢ of asolid 
organic prodact which, after repeated crystallisation brea alcohol, gave 5-5 ¢. of 1-bromo-3 : 5-dinitro- 
benzene of m s* (Found Dr, 320. Cal ow CHOWN, Br Br, 33-3% Elion (Re I vat 
hime, 1073 ae p. 7 

Pyridine was heated at | 1 4 Similar mixture for 2 days but gave wo recognisable quantity of 
bromination product 

Hromimation of Ben ood wath Bromine and Bromic Acid Benzoic acid (13 ¢., 0-1 mol.) and 
bromine (2-1 al e ! in a mixture of glacial acetic acid (250 m].) and concentrated sulphuri 
ack! (150 mil solut otassium bromate (4 ¢. in 50 ml. of warm water) was added slowly during 

hour, with rorous stirring : ! temperature maintained at 25° by external cooling 
A ipitation « e-bromot» me ackd was noted after about 20 minutes’ reactior After the mixture 
had been stirred continuously { a further hour, a second, similar portion of potassiam bromate 
solution was added va ™ hour Finally the precipitated m-bromobenzon acid, m p. 150 
isa" tile was | ted a sin ~i-glase filter, washed with a little water, and dried 

Bromimation / th Mercurie Nitvate Benzene (15 mil bromine (5-2 ml acetic acid 
400 mi), ar vitree ack! 331 / 1-4) in 100 ml. of water) were stirred together at room temperature, 
and mercurk nitrs orbu mn (17 g. in 75 ml. of water) was dropped in during 4 hour The bromine 


bromide was steadily 


had then disappeared t ' t was diluted, partly neutralised (sodium carbonate), and repeatedly 
extracted with eth ‘he extract, when washed with alkali, dried, and fractionated, gave 10 g. (70% 
of bromoben zene 

ii) Bengole acid (13 ¢ : rine (5-2 ml), glacial acetic acid, and nitric acid [65 ml. (d 1-4) 
and 60 mi. of wat ere sti ‘ f vat 23°, and an aqueous solution of mercuric nitrate 
i7 ¢. as above) was adde at hour ner ic bromide was deposited After a further § hour the 


solution was poured into water | from 1 une (sodium sulphite), and extracted with ether 
The extract was freed from mercuri : i 1 hydrogen sulp yhide and then concentrated From 
the resxtue 12 ¢ ~ pu OM " m. p. and mixed m. p 1 4 155°, were obtained by 
recrystallisats 

The Statniitre : : Ls i leetic acid. A product purified by fractional 
distillation {rom chromium tr i stal © free bromine and to potassium permanganate. 
wasueed. 20 MI re mi ith 20 ml. of 10N-sulphuric acid and 10 ml. of approx. 0-02x-hypobromous 
acid and kept in : per at 3 f pb There was no change in the potassium rodide 
thinsniphate titre 

iit Proticese acid he « 1 was purified by heating &) ml. with 2 ¢. of chromium trioxide on a 
steam-bath for 2 hours, and was finally fractionated under reduced pressure from fresh chromium tnoxide 
It had b. p. 56° 23 mm. and wa sstable to permanganate A mixtore of 5 ml. in 15 ml. of water, 20 ml 
of Sx-sulphuric acid and 10 mi. of cs. 0-02n-hypobromous acid exhibited no titre change during 
0 minutes storage at room temperature 
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Methyl alcohol. A sample, purified by refluxing with sodium hypoiodite, was distilled from 
silver nitrate and finally dried over quicklime and fractionated; it then had b. p. 66°/675 mm. A 
euhutupe clenitan tn thet 4 (ii) above showed no change in titre during 40 minutes. 

(iv) Diewen. 150 M1. of dioxan, § mil. of bromine, and 60 ml. of 50% sulphuric acid were heated at 
100° for § hour. nS ae oe joxide, and the solution was then 
made alkaline with Fo poy hydroxide. The lower aqueous layer was removed and the 
remaining dioxan was dried ( OH) and fractionated carefully. The pure product, b. pe. 100-5° /767 mm., 
was stable both to cold neutral potassium permanganate solution and to an acid hypobromous acd 
solution similar to that used for (ii) above 





One of us thanks the Department of Scientific and Industrial Research for a Maintenance Grant 
Tue Dvysow Perris Lasoratory, Oxroxp. (Recewwed, October 31st, 1949.) 


109. The Purification of Lutecium by Fractionation of 
Hexa-antipyrinelutecium Lodide. 


By Josurn K. Marsu. 


It is demonstrated that fractionation of hexa Tot 4 open iodide, [La(C,,H,,N,O) 
gives a very rapid purification. This is ascribed to ge complexing, rather than a ees, 
differential he separations of thulium and rt «Shag and of holmium and dysprosium, have 
also been noted. 


Tue favourable results obtainable by lanthanon tri(dimethy! phosphate) fractionation prompt a 
search for other compounds of a similar nature. Freed's suggestion (/. Amer. Chem. Soe., 
1931, 53, 3906) that the use of non-solvated ions would permit of better fractionation than 
occurs with solvated ions would appear to be exemplified by the dimethyl phosphates. Few 
salts of the lanthanons, however, crystallise in the anhydrous state, and in these cases the meta) 
ion appears to be complexed with some group other than water. Thus the six oxygen atoms 
attached to methy! groups of Ln{PO,Me,), are probably complexed with the metal. The 
antipyrine addition compounds of the lanthanons are a noteworthy class of anhydrous salts 
(Kolb, Z. anorg. Chem., 1913, 88, 144; Riabtschikov and Terentieva, Compt. rend. Acad. Sei. 
URS.S., 1946, 51, 291), and from the solubility measurements of Wilke-Dérfurt and 
Schiliephake (7. anorg. Chem., 1928, 170, 129) all the evidence points to a further resemblance 
to the dimethy! phosphates in that the lanthanum salts are the most soluble of the series. From 
published work the iodides seem most likely to constitute a favourable medium for fractionation. 
The solubility range is considerable, there being a @-4-fold increase for lanthanum over the 
molar value for yttrium, the solubilities being 4°44 and 29°5 g./100 g. of water, respectively, at 
room temperature. A 26-fold increase occurs in the case of the dimethy! phosphates. The 
hexa-antipyrine lanthanon iodides form compact cubo-octahedral crystals, whereas the dimethy! 
phosphates give a fibrous pulp which generally requires filtration, thus much reducing the 
efficiency. Moreover, hydrolysis is too pronounced for erbium and elements of higher atomic 
number to be dealt with efficiently as dimethyl phosphates, whereas the antipyrine iodide 
compounds are stable. 

By the aid of these compounds a crude lutecium product has shown a very rapid purification, 
and it seems probable that thulium and erbium may also be separated with reasonable efficiency. 
The separation of holmium and dysprosium has not proved so effective, though further work 
is required before it can be said definitely whether the method is useful or not, in this case. 

The separation does not appear to be based upon solubility differences alone, for these are 
only moderate, It must depend rather upon the complexing strengths of the metals 
with antipyrine. The complex is much less soluble than its components, and normal lanthanon 
jons exist in its solution, indicating some dissociation, since oxalic acid gives the usual oxalate 
precipitate. The fractionation therefore is based on the crystallising out of the more strongly 
complexing elements. These are the more weakly basic and give slightly the less soluble 
complexes. Hexa-antipyrinelutecium iodide collects at the insoluble end of the series, thus 
providing a means of purification utilising the well-known principle that impurities are 
eliminated at the tail fraction preferably to the head. This is especially valuable, since lutecium 
is the end member of the series. The solubility of the iodide complex is such that only 
10—20 g./l. of oxide are present in the fractionation series when hot, so that it is rather bulky. 
The solubility in methanol is considerably greater, and the same types of crystals are obtained. 
A mixed solvent might therefore prove useful, but a short fractionation in methanol indicated 
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that separation was much less pronounced in this solvent. The older methods of lutecium 
fractionation, by bromates or double ammonium oxalates, concentrate hutecium at the tail. 
The bromates are so soluble and the mother-liquors so viscous that the fractionation is difficult. 
The initial fractional precipitation of some crude lutecium iodide by antipyrine gave a head 
fraction containing Tm,O,, 61; Er,O,, 07%, whereas the tail (fraction 9) contained 43°, and 
32%, respectively. Ten series of crystallisations produced a head with Tm,O,, 14%; Er,O,, 
nil; and a tail with 49% and 42%, respectively. Further work on a larger scale is in hand. 


EXPERIMENTAL. 


The lanthanons from a quantity of Norwegian gadohnite were fractionated by double wmiphate 
precipitation till the oxide was free from any brown tint due to the presence of terbium. The tertium 
tee material was then fractionated by precipitation of basic salts till most of the yttrium had been 
removed but the thuliam retained. The concentrate of weak Lases was converted into acetate, and 
ytterbium removed by sodicom amalgam. The residue was then fractionated as bromate, and tail 
fractions were taken off as soon as they became almost colourless. these consistituted the materia! used 
m this investigation 

10 G. of the crude lutectom oxide were dissolved in bydricdic acid (d 1-7) and excess of acid and 
iodine driven off on the water-bath. The salt was taken up in 400 mil. of hot water, and 20 mi. of 
antipyrine solution (400 ¢ 1.) were added. A crop of hexa-antipyrinelutecitum iodide was collected 
next day. Seven further crops were collected on subsequent days. The solution was concentrated to 
100 mil. after the sixth crop, and a small residue (0-13 ¢. of oxide) was recovered from the final mother 
liquor, After recrystallising twice, the first crop was converted into oxide (0-17 g The remaining 
crops were dissolved in boiling water, about 100 ml. being required for each. They crystallised on 
cooling and the mother-liquors were examined with a Beckman spectrophotometer (Model DU), thus 
aflording an estimate of thuhum and erbium present. The series was then fractionated systematically 
ten times in 6—10 fractions the tail fractions being allowed to become small Head and tail fractions 
were then again recovered as oxide (10 and 0-2 4.). The series of mother-liquors were again examined 
spectrophotometrically. The two sets of heads and tails were made up as chloride solutions (33-3 ¢./! 
at oxide, except the head fraction after fractional crystallisation, which was 150 g. 1 All were 
examined in lcm. cells using the bands A940, 684. and 524 mya. for Yb, Tm, and Er 
estimations, respectively, checked against standard chionde solutions In the case of the mother- 
bquors the assumption was made that a calibration with chloride solutions was admiussille for estimating 
the antipyrine complex in solution. Some yellow colour had developed in fractions 13 and 14 so that 
here erbium estimates are probably high The results are set out below 


Initial aptit 
Fraction : ‘ ‘ 7 
Tm, Los 1-55 5 446 
! FO, 040 oo 251 


After ten series of crystallisations 
Fraction. 6 “ 10 il i2 i3 i’ 
Tm,0, O24 1-35 2:3 30 ‘3 34 30 30a. 


Er,O, ooo oot eal wal 75 is 3.5 +4 2.1 
Volume \n wu tm Te 70 7 mm » 20 mi 


Holmium and Dysprosum.—-A mixture of holmium and dysprosium oxides (3-5 g.) was given a 
similar treatment to that described above for the initial split into hexa-antipyrineluteciam 
wxdide fractiona The first « rop and final mother luquor were recovered as oxides (0-1 ¢. each The oxide 
of the head fraction was a deep cream, but the tail a bright brown, indicating a good concentration of 
tertuum oxile in the tail fraction. Chloride solutions were prepared (33-3 g/l of oxide) and examined 
spectrophotometrically with the following results: Ho,O, Head 15-1%, Tail 72%. Dy,0,, Head 


3-190 G of mother-lquor from fraction 6 of the hexa-antipyrineluteciam iodide, after 
standing for 2 days at room temperature after the series of ten fractionations, were evaporated to 
comstant weight on the water-bath and yielded 0-124 ¢. of solid = 405 g./100 g. of water; Lu,O, 
482g... A similar determination on the head fraction of the dysprosinum material gave 6-15 g./100 g 
f water: Dy,O, ose g 1 

The author thanks Sir Robert Rotinson, P_R.S., O.M_, for laboratory facilities, and the Government 
<rants Commuttee of the Royal Society, and Johnsen, Matthey & Co. Lid. for financial support 
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110. Dithiols, Part IV. The Reaction of Toluwene-p-sulphonates and 
Methanesulphonates with Potassium Thiolacetate: A New Method 
for the Preparation of Thiols. 

By J. H. Caarman and L. N. Owen. 
The reaction of primary ¢ p-sulphonat ROTs, with potassium thiolacetate, in 


ethanol or acetone, provides a oe method for the preparation of thiolacetates, RSAc, and 
ome by bydrolyss, of of thiols 








bonat show wide differences in behavicur. The simple 

Rn @.g., the sepoenyt ester, and certain vicinal ditolu > tes where the 
adjacent group is primary, ¢g., the ditoluene-p-sulphony! derivative -y propane-1 - 2-diol, 
react normally, though the replacement of the secondary group requires conditions more 
vigorous than those necessary for reaction of the primary group. In more complex substances, 
¢g., the 3-toluene-p-sulphonate of | : 2-5 : 6-dusopropylidene glucose, the reaction does not 
occur. eyeloHexyl toluene-p-sulphonate gives mainly cyelchexene; phenyl toluene-p- 
sulphonate is non-reactive 

Several methanesulphonates have been examuned and, with one exception, their reactions 
follow the same course as with the corresy ing ?-sulphonates, but the yields are 
inferior. 

The difference in reactivity between primary and secondary eony * sulphonates in the 
exchange reaction has been used to establish the structure of the 2-foluene-p-sulphonate 
l-benzoate of propane-| : 2-diol (2-/oluene-p-sulphonyloxypropyl 1-bensoate .) 








In connection with the preparation of dithiols with potential antiarsenical pharmacological! 
properties (cf. Part III; Evans, Fraser, and Owen, J., 1949, 248) it occurred to us that the 
well-known reactivity of toluene-p-sulphonates might be applied to the formation of thiolacetates 
by carrying out an exchange reaction with potassium thiolacetate ; 


ROTs + AcSK -——> RSAc + TsOK (Ts = toluene-p-sulphony!l) 


Some encouragement for this supposition was afforded by the earlier observations of Gilman and 
Beaber (/. Amer. Chem. Soc., 1925, 47, 1449) and of Raymond (/. Biol. Chem., 1934, 107, 85), 
who had shown that toluene-p-sulphonates react with the alkali-metal derivatives of aliphatic 
and aromatic thiols to give sulphides. Furthermore, the preparation of carbohydrate thio- 


cyanates, by reaction of the toluene-p-sulphonates with potassium thiocyanate, had been 
recorded by Miiller and Wilhelms (Ber., 1941, 74, 698) and by Carson and Maclay (J. Amer. 
Chem. Soc., 1948, 70, 2220). 

Soch a reaction, if successful, would provide a useful method for the conversion of a hydroxy! 
group into a thiol group by the sequence ROH ——> ROTs ——-» RSAc —-» RSH, and might 
be of particular value for the preparation of certain polyhydroxy-thiols where the corresponding 
halogen derivatives (necessary for the older method involving R-Hal —-» RSAc) are not easily 
accessible. In the carbohydrate field, for example, relatively few halogen derivatives are 
known, whereas a large number of toluene-p-sulphonates are readily available 

Since the reactivity of sulphony! esters is markedly affected by the nature of the esterifying 
group, particularly by its primary or secondary character (cf, Clarke and Owen, J., 1949, 315; 
Owen and Robins, éid., pp. 320, 326; and references there cited), it was necessary to study the 
reaction with potassium thiolacetate by the use of several types of compounds. The majority 
of these were toluene-p-sulphonates, but in view of the increasing interest in methanesulphony! 
derivatives some of the latter were also investigated. Many of the starting materials were 
previously known compounds, and were prepared by standard methods; some, however, were 
new or exhibited some oe of interest. 2-Methoryethyl meth lph , propylene 1 : 2-di- 

meth iphonate, and propylene 1: 2-ditoluene-p-sulphonate were ome by treatment of 
the corresponding par Reece with the appropriate sulphony! chloride in pyridine. 
3-Acetoxypropylene 1 : S-Citetuone- -p- sulphonate was obtained by reaction of 8: 5-éivomepeepy! 
acetate with silver tol te. Inan attempt to prepare a m« luene-p-sulph 
of propane-1 : 2-diol, seasetna aniby-cun teneus otinced p-sulphonic acid in dry ether ; 
an oily product was obtained, which by benzoylation gave a solid, separable by fractional 
crystallisation into two substances, m. p.s 105° and ca. 79°. The latter was eventually shown, 
by reaction with potassium thiolacetate, to be a mixture of the isomeric compounds (1) (identical 
with the substance of m. p. 105°) and (IT), which could not readily be separated by farther 
fractional crystallisation. 

Preliminary experiments showed that the toluene-p-sulphonyloxy- and the methane- 
sulphonyloxy-residues, particularly when primary, were readily replaceable by the acety!thio- 
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group. Henzy! tol p-sulphonate showed exceptional reactivity; when it was dissolved 
in cold alcoholic potassium thiolacetate a precipitate of potassium toluene-p-sulphonate began 
to form almost immediately, and the reaction was complete within 15 minutes at room 
temperature. In general, however, the replacement was carried out by heating the reaction 
mixture in ethanol or acetone under reflux, using about twice the theoretical quantity of 


Cit MOTs) HyOcoPh > CHyCH(SAc)tHyOCOPh 
i XIV) 
CHyCHIO-COPh) CHYyOTs » CH CH(OCOPh)-CHySAc 
i XV 


CHyOTs 
’ 
(iu 


CHYOR)PCH OTs H (OR)CHySAc 
vi VIL) 


{OTs CHOTe CHO * = CH (SAc)CH(SAc) CH, 4 
XI 


AYCH, O-CH, 
MeCH. Hat ‘ Heo 
OCH OCHMe .. OcH CHMe 
Hee cH - . HC How 
Ha " HCOTs H<-OTs 
CHySA CHyOT: CH,SAc 
vul Xt XItl 


potassium thiclacetate; in many cases this excess is unnecessary for general preparative 
purposes, but was used in the present experiments in order that the yields of thiolacetates could 
he determined, under comparable conditions, for all the substances used. Potassium thiolacetate 
is readily soluble in ethanol, and the solid precipitated during the reactions in this solvent was 
almost pure potassium toluene-p-sulphonate. The reagent, however, is only sparingly soluble 
in acetone, and, since it was found to be unnecessary to use the large amount of solvent which 
would have been required to give complete solution, the solid remaining after completion of the 
reactions in acetone was a mixture of potassium toluene-p-sulphonate and unchanged potassium 
thiolacetate. All the primary compounds, and some secondary, gave the corresponding thiol 
acetates under these conditions, usually in good yield. With the primary compounds the 
reaction mixture became only slightly discoloured during the heating, but a deep red colour 
developed when secondary compounds were used. Hydrolysis of the thiolacetates afforded 
the free thiols 

Tetrahydrofurfury! toluene-p-sulphonate (II1), in contrast to benzyl toluene-p-sulphonate, 
reacted only slowly at room temperature, but in the boiling solvent (acetone or ethanol) it 
gave a good yield of tetrahydrofurfuryl thiolacetate (IV) Alkaline hydrolysis of the latter 
readily gave 2-mercapiomethylictrahydrofuran (letrahydrofuryimethanethiol) (V), though acid 
hydrolysis furnished only a small yield of the thiol, probably owing to simultaneous ring-fission. 
Tetrahydrofurfury! methanesulphonate reacted much less readily than the toluene-p-sulphonate 
and a longer perixd of heating was necessary. This observation is of interest in that a reverse 
order of reactivity is shown by these sulphonates in their reactions with potassium cyanide 
Ziet, Pletcher, and Kirshen, /. Amer. Chem. Soc., 1946, 68, 2743); furthermore, earlier 
investigators have usually reported a greater reactivity for the methansulphonates in reactions 
with, ¢.¢., sxtium iodide (inter al., Hellerich and Gniichtel, Ber., 1938, 71, 712). 

n-Propy! toluene-p-sulphonate gave a better yield of #-propyl thiolacetate when acetone, 
rather than ethanol, was used, and it is probable that with the simple sulphonates of low 
nolecular weight the competitive etherification reaction ROTs + EtOH ——» ROEt, when 
ethanol is used as a solvent, results in a diminished yield of thiolacetate; this was particularly 
apparent in the reaction with tsopropy! toluene-p-sulphonate (see below). 

Trimethylene ditoluene-p-sulphonate gave an excellent yield of the bisthiolacetate, and 
thence, by hydrolysis, | : 3-dimercaptopropane was obtained 

The possible effect of a neighbouring ether group was investigated by reactions using 
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2-methoxyethy! tol p-sulphonate (VI; RK = Me) and meth Iphonate . 2-mathanyethyt 
thiolacetate (VIL; R = = Me) was obtained in each case, but again the met Iph was 
the less reactive. Hydrolysis of the product gave 2-methoryethanethiol. parsers 2-phenoxy- 
ethy p-sulphonate (VI; R = Ph) gave an almost quantitative yield of 2-phenoxyethyi 
thiolacetate (VII; R = Ph), and thence a high yield of 2-ps cthiol. 2-Benzoyloxyethy! 
tol p-sulphonate (VI; R = COPh) afforded an example of a substance with a neighbouring 
ester group; it gave 2-bensoyloryethyl thiolacetate (VI1; K = COPh), hydrolysed 
to 2-hydroxyethancthiol (2-mercaptoethanol). 1: 6-Ditoluene-p-sulphonyl 2: 3-4 : 5-di- 
methylene mannitol yielded 1 : 6-diacety! 2: 3-4: 5-dimethylene | : 6-dithiomannitol [VIII; 
position of methylene residues not finally established (compare Haworth and Wiggins, /., 
1944, 61)). 

Ot the secondary toluene-p-sulphonates, the isopropy! ester reacted readily in boiling 
ethanol but, although potassium toluene-p-sulphonate was formed to the extent of 80% of the 
theoretical in 30 minutes, the yield of propane-2-thiol was only 6%; no propylene could be 
detected, and the main product was probably ethy! isopropy! ether, since a much better yield of 
thiolacetate was obtained in acetone solution. With cyclohexyl toluene-p-sulpbonate, on the 
contrary, poor yields of cyclohexyl! thiolacetate were obtained both in ethanol and in acetone, 
cyclohexene being formed in each case; this elimination reaction is not unexpected, in view of 
similar results which have been observed when secondary alicyclic toluene-p-sulphonates are 
treated with a variety of reagents (Hiickel, Neunhoeffer, Gercke, and Frank, Annalen, 1930, 
477, 143; Clarke and Owen, joc. cit.; Owen and Robins, /oce. cit.). 3-Toluene-p-sulphony! 
1: 2-5 : 6-ditsopropylidene glucose (IX) failed to react with potassium thiolacetate in acetone 
at 110°. 

The ditoluene-p-sulphonates of propane-] : 2-diol and of 2 : 3-dihydroxypropy! acetate (X) 
provided examples of compounds containing vicinal primary and secondary sulphonyloxy 
groups. In acetone solution, the primary and the secondary groups in both compounds were 
replaced, to give moderate yields of 1 : 2-bisacetylthiopropane and 2 : 3-bisacetylthiopropy! 
acetate (" BAL” triacetate) (XI), respectively. The dimethanesulphonate of propane-1 : 2- 
diol was somewhat less reactive than the corresponding ditoluene-p-sulphonate, but gave the 
same product as the latter. In striking contrast was the behaviour of the 5: 6-ditoluene-p- 
sulphonate of 1 : 3-2 : 4-diethylidene sorbitol (XII) in which, even after vigorous treatment 
only the primary group could be replaced, to give 6-acefyl 5-toluene-p-sulphonyl 1 : 3-2 : 4-di- 
ethylidene 6-thiosorbitol (XII1). The corresponding 5: 6-dimethanesulphonate appeared to 
undergo some reaction, but gave no recognisable product. 

The only ary! compound studied, pheny! toluene-p-sulphonate, failed to react with potassium 
thiolacetate. 

The results are summarised in the table, in which the yields refer to distilled or crystalline 
thiolacetates. It is clear from these experiments that the reaction of primary toluene-p- 
sulphonates with potassium thiolacetate provides a good method for the preparation of primary 
thiolacetates, and thence of the corresponding thiols, but that the behaviour of a secondary 
toluene-p-sulphonyloxy-group is capable of wide variation, ranging from non-reactivity to 
comparatively smooth replacement, with the possibility also of the occurrence of an elimination 
reaction and formation of an unsaturated product. The course taken in any particular case 
depends on the molecular environment, and the structural factors concerned merit further study 
particularly since comparable variations are already known to occur in the reactions of 
secondary toluene-p-sulphonates with other reagents, ¢.g., potassium acetate, sodium iodide 
An interesting example of a carbohydrate derivative possessing two reactive secondary 
methanesulphony! groups is discussed in Part V (following paper). 

These experiments demonstrated a marked difference in reactivity between primary and 
secondary sulphonyloxy-groups, and thus provided a “a el means of investigating the structures 
of the toluene-p-sulphonate—benzoates of prop : 2-diol, m. p.s 105° and 79°, to which 
reference was made above. When the Reon 8 6 material was boiled with potassium 
thiolacetate in acetone for ap hour, a mixture was obtained, consisting of a liquid thiolacetate- 
benzoate, together with the crystalline toluene-p-sulphonate—benzoate, m. p. 105°. The latter 
was recovered almost quantitatively after further treatment under the same conditions, but 
under more vigorous conditions it reacted slowly to give a different thiolacetate-benzoate. It 
follows from these differences in reactivity that the compound of m. p. 106° contains a secondary 
tol f-sulphonyl group, and must therefore be the 2-/ol: Pp le 1-b te (I); 
the material of m. p. 79° is evidently a mixture of (I) with the isomeric 1-tol p-sulpb 
2-benzoate (II). During the short period of reaction the latter is converted into the 2-bentoate 
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i -thiolacetate (XV), whilst (I) is unaffected; more drastic treatment subsequently converts 
(I) imto the l-bensoate 2-thiclacetate (XIV). Independent confirmation of the structure of 
(1) has been provided by Mr. G. A. Haggis (unpublished work), who has shown that on reaction 
with sodium iodide, followed by hydrogenation, it gives n-propyl! benzoate. 
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Reaction at 110 ¢ Primary group only 


EXPERIMENTAL. 
M. p.s were determined on the Koefler block, and are corrected 


Preparation of the Suiphome Esters.—-The following were made by published methods: benzy! 
toluene-> sulphonate, m. p. 58° (Tipson, J. Org. Chem., 1944, 9, 235); tetrahydrofurfury! toluene-p- 
sulphonate, m. p. 37-38", after distillation at 110° (bath) (0-0001 mm. (Barger, Robinson, and Urushibara, 
]., 1937, 714; also obtained by the general method of Tipson, Joc. es/.); tetrahydrofurfuryl methane 
suiphonate, b. p. 116"/) mm, «ff 1-4613 (Zief, Fletcher, and Kirshen, loc. cit}; 2-methoxyethy! 
toluene-p-sulphonate, b. p. 120--130°/0-1 mm. (Tipaon, joe. caf.); 2-phenoxyethy! toluene-p-sulphonate, 
m. p. S1° (Tipson, jee. a 2:3. 4: 5-dimethylene mannitol | : 6-ditoluene-p-sulphonate, m 164 
(Haworth and Wiggins, /., 1944, 61); eyelohexy! toluene-p-sulphonate, m. p. 43° (Hickel, Neunhoe 
Gercke, and Prank, / on 1: 2-5; 6-dissopropylidene glucose 3-toluene-p-sulphonate, m. p. 120° 
(Preadenberg and Ivers, Ber, 1922, 65, 929): phenyl tolucne-p-sulphonate, m. p. 05° (Reverdin and 
Crépreux, Her, 1002, 36, 1443) 

n-Propy! toluene-~-salphonate was prepared by treatment of n-propanol (30 g.) in pyridine (250 cc.) 
with taluene-~-eulphony! chioride (106 g.) at — 5° until all the chloride had dissolved, followed by 4 hours 
ato The solution was then poured into ice-cold 5x-sulphuric acid (750 c.c.), and the oil was taken up 
in chloroform: the extract was washed with 2x-sulphuric acid and with sodium hydrogen carbonate 
solution, dried (KY O,), and evaporated to an oil, The product (88 g., 82%) distilled at b. p 
134° 04 mm. #f 1 5069 

The propylene | 3-ditoiuene-p-«ulphonate was obtained from the diol (8 g.), toluene-p-sulphony!l 
chloride (44 ¢.), and pyridine (175 c« After | hour at 0°, addition of 5x-sulphuric acid precipitated 
the ester as a solid, which formed plates, m. p. 92°, from methanol; yield, 27 g. (70%) (Found: C, 53-4 
H.52 Cale. for C,,H.O,S,: C, 53-1; HM, 5-25%) (ef. King, /., 1928, 2426) 

2- Benzoyloxyethyl toluene-p-sulphonate was prepared from 2-benzoyloxyethanol (Cretcher and 
Pittenger, /. Amer. Chem. Soe, 1925, $7, 2560) by a modification of the method of Butler ef al. (ibid 
1035, §7, 575 The alcohol (20 g.), toluene-p-sulphonyl chloride (11-5 g.), and pyridine (100 c« 
after being mixed at 0°, were kept at room temperature for 4 hours, and gave 23-6 g. (61%) of the ester 
(Hutler ef a/., low. ov. using less pyridine, recorded a yield of 26%) 

Treatment of 2-methoxyethanol (10 g.) in pyridine (100 cc.) with methanesulphony! chloride 
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(16-6 g.), below —5° and then 12 hours at cs. 15°, dilution with water, and extraction of the 
with G6eg, 72%), b. p. 80°24 mm. 
; BH, 655%). 
yee Ee dee St ee 





at 0° for | hour and at room 
acid, a Va ye of the -p-suiphonate, which crystallhsed from benzene-light petroleum 
ad ty 80") in colourless prisms, m. p. 66—69" (Found : C, 630; H, 486. Cy, gd, requires 

31; H, 525%). The demeth prepared in a similar way, crystallised from the same 
solvent in rectangular tablets, m. p. 53° (Found: ©, 25-85; H, 5-26. < WHOS, requires C, 25-85; 
H, 52%) 

2 : 3 Ditolwene- p-tulphonyloxypropy! acetate was obtained by heating under reflux a solution of 
2 : 3-dibromopropy! acetate (10 g., Soy 130° /32 mm.; »f 1-5060) in benzene (100 ¢.c_) with silver toluene- 
p-sulphonate (25 g.) for 15 hours. tered solution was then bed with sodium hydrogen 
carbonate, and evaporated . xX, oil, which crystallised on addition of hight petroleum and formed 
moodine (5-45 g., 32%), m ~ eg © . from benzene-light poten toms (b. p. 60-80") (Pound: C, 51-4; H, 
*1 CHO yds requires C, 51 56; H, et 

The dimethane sulphonate of 1:3-2 4 sethylidene sorbitol ane obtained by the method described 
in Part Vil. The corresp dit d by addition of tolucne-p- 
sulphony! chloride (8-95 g.) to a solution of | "3-2 4-dieth idooe sorbitol (5 g.) wm pyridine (20 o.c.) 
at 0°. After 12 hours at ca. 5°, addition of water 06: Ceeniee oe (7-9g.), m. p. 173°, (elf — 11-2 
(c, 1 in chloroform), after recrystallisation from methanol (cf. Sullivan, J Amer Chem. Soe , 1945, © 
837; Wiggins, /., 1946, 388) 

Reaction of Propylene Omde with Toluene-p- sulphonic Acid.-To a solution of the oxide (9 g.) in dry 
ether (150 c.c.), dry toluene-p-sulphonic acid (27 g., | mol.) was added in small portions, and the solution 
was then kept overnight Jurmng this tume a lower oily layer was formed he solvent was removed 
under reduced pressure, and the residual oil was dissolved in chloroform, washed with water and with 
sodium hydrogen carbonate solution, and dried. Ev aporation of the solvent then gave a pale yellow 
viscous of] (33 g.). This was dissolved in pyridine (150 c.c.) and treated with benzoyl chloride (25 ¢.), 
with cooling. After | hour at 15°, water was added, and the precipitated oil was taken up in chloroform 

and washed with dilute sulphuric acid, sodium hydrogen carbonate, and finally with water. The dried 
= was then evaporated, and gave a semi-solid residue. One recrystallisat from b ght 
petroleum (b. p. 60-—80°) gave 35 g. of reo ca. 70—75°, from which, by several recrystallisations 
— methanol, 2-toluene Pe sued hen onypr was ‘obtained ; it formed needles or plates, 
m. p. 105° (F cond : C, 614; HL, G7. Cy ne requires C, 61-05; H, 54%). The main portion of 
the reaction product, recovered hae, the mother- uors, was a mixture of the structural isomers; after 
repeated a arpa from beazene-light petroleum or from methanol it gave colourless needles, 
m. p. ca. 70° (Found , 0-8; H, 56%) 

Reaction of Suiphe msc Esters with Potassium Thiolacetate.—The conditions for each experiment are 
given individually below, and the yields of thiolacetates are summarised in the table. Except where 
otherwise stated, reaction products were worked up by the following procedure. The cooled mixture 
was filtered, and the salts were washed with cold solvent. The ethanol or acetone filtrate and washings 
were concentrated to small bulk and then diluted with water. The product, if solid, was collected, 
washed, and recrystallised; if liquid, it was extracted with ether, the extracts were washed with water, 
then dried and evaporated, and the residual oil was purified by distillation 

Hydrolysis of Thiolacetates to Thiols.—(a) Alkaline hydrolyss. The thiolacetate was dissolved in 
cold 5% methanolic potassium hydroxide (2-1 mols. of KOH per acetylthio-group) and left overnight, 
under nitrogen, at room temperature. A slight excess of hydrochloric acid was then added, with 
coohng, and after removal of methanol under reduced pressure thiol was isolated by ether-extraction. 

(b) Acid Aydrolysis. The thiolacetate was dissolved in ten times its weight of »-methanolic 
hydrogen chloride and boiled under reflux for 4 hours under nitrogen. The cooled solution was then 
diluted with water, concentrated under reduced pressure to remove methanol, and extracted with ether 
to obtain the thiol 

The yields of thiol, recorded below in the individual cases, are based on thiolacetates, and are not 
overall yields 

Quantitative Determination of Thiol Vaiues..-The method described in Part I] (Evans and Owen, 
]., 1949, 244) was used, except that with non-water-soluble thiols sufficient methanol was added to 
effect dissolution in the hydrochloric acid before titration with iodine 

Benzyl Thiolacetate —\a) Benzyl toluene-p-sulphonate (1 g.) and potassium thiclacetate (1 g.) were 

ately dissolved in the minimum amount of ethanol. On mixing of the cold solutions, a copious 
white precipitate was formed within a few minutes. After 10 tes, the pot 
sulphonate td tothe Scie thank eeineadien Iida ie 

(d) The tole Gs thiolacetate (5 g.) were heated in ethanol (250 c.c.) 
under reflux, and gave benzyl “7 oe . 54° 0-05 mm., 1-5578, which on acid hydrolysis 
pectamieai merce iat thiol S, 25-4. | . for C,H 
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te (6 g.), 
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n-Propy! I melacetate -—The toluene-p-salphonate (10 ¢ ), potassium thiolacetate (11 g.), and acetone 
(100 ¢.¢.) were heated under reflux, and gave the thiolacetate (4 g.), b. p. 141°, #ff 1-4590 (Wallach and 
Bieibtreu, Her, 1879, 12, 1062, give b. p. 135-137") 

1. 3 Bisacetylthhopropame —-The ditoluene-p-sulphonate of propane-| : 3-diol (9 g) and potassum 
thinlacetate (10-6 g.) were heated under reflux im ethanol (200 cc), and gave the busthiolacetate (4 g 
b. p. 152°/34 mm., 16209, which on acid hydrolysis furnished ne-l : 3-dithiol (57%), b. p 
110° /120 mm., #ff 1-6380 (Pound : thiol 8,591. Cale for C,H,S,: 5, 50-3%) 

2 Methosyethyi Thiclacetate —-The toluene-p-tulphonate (10 g) or the methanesulphonate (8-4 ¢) 
was treated with potassium thiclacetate (10 g or 13-6 ¢., respectively) in the boiling solvent (100 cc 
The itelacetate had b. p. 110°/110 mm., wf 14645 (Pound: C, 447, H, 745. C,H,OS requires 
C, 445, H, 766%). Light absorption: max. 2280 a, « 2600 

Hydrolysis of the thiclacetate (6 ¢.) under acid conditions gave, on evaporation of the solvent, no 
thiel, owing to its volatiity im methanol it was present in the distillate, which was therefore made 
alkalme by the addition of 10% methanolic potassuam hydroxide (70 cc) and evaporated to dryness 
under nitrogen. The residue was acidified with concentrated hydrochloric acid and extracted with 
ether. The dried extract was evaporated, the ether being removed through a 10° Vigreux column, and 
the residue on distillation gave 2-methosryethencthiol (3g , 45%), b P liz of 1-4488 (Found: C, 39-75 
H, 00: thicl 5,341. C,H,OS requires C, 30-1; H, 875; S, 34-08% 

Treatment of the thicl 42 mg.) with l<hloro-2  4-dinitrobenzene (100 mg.) and 2%, aqueous sodium 
hydroxude (10 €« im boiling ethanol (10 cx for 10 minutes, followed by addition of water 
gave 2 4-demitreparny! 2-methoryethyl muipinde (95 mg.), which crystallised from ethanol in bright 
yellow plates, m. p. 90° (Found: N, 10-95. C,H,,O,N,5 requires N, 10-85%) 

2-Phenowyethy! 1 btolacetate The toluene-p-sulphonate (10 g.) and potassium thiolacetate (8 ¢ 
in besling ethanal (150 ¢.¢) gave the thtolacetale, which crystallised from methanol in plates, m. p. 48° 
(Pound C, 61-4; H, 64 C,H,OS requires C, 61-4; H, 62% On acid hydrolysis it gave 
2-phenoxyethanethiol (00%), bp. 134°/29 mm., wf 1-6507 (Pound: C, 623; H, 64: thiol S, 20-6 
C,H OS requires C, 623. H. G5. 5, 20-8%,); the pAcnylurethane of this thiol formed needles, m. p. 113 
from light petroleum (b. p. 60-80") (Found: N,53. C,,H,,O.NS requires N, 5-15%, 

2-Bensoylosyethyl Thiciacetate —The toluene-p-sulphonate (10 g.) and potassium thiolacetate (7 g 
were heated under reflux in ethanol (150 ¢.c.). The thiolacetate (4-7 g.) had b. p. 117°/0-1 mm., at? 
16446 (Pound: C. 66-5; H, 64. C,.H,O,S requires C, 58-9; H, 54%). On acid hydrolysis, 
2-hydroxyethanethial (52%), b. p. 65°/17 mm., was obtained, and was characterised as the bispheny! 
urethane, m. p. and mixed m. p. with an authentic sample, 146° 

1: @ Diaeetyl 2 3-4: 5-Dimethylene |: 6-Dithiomannitol The ditoluene-p-sulphonate (1 ¢ Was 
treated with potassium thiolacetate (0-9 ¢.) in boiling acetone (25¢.c.). The solid product, recrystallised 
from aqueous ethanol, furnished colourless needles of the bisthiolacetate, m. p. 109", [a P + 187 
in chloroform) (Found: C, 448; H, 56; 5, 198. C,,H,,O,S, requires C, 44-7; H, 5-6 
Light abeorption max. 22004. ¢ 11,000 

woPvopyl | hsclacetate The toluene-p-salphonate (10 g.), in boiling ethanol or acetone (100 c« 
was treated with ——— thiclacetate (11 g.), and gave sopropyl thiolacetate, b. p. 123°, aR 1-452s 

Wallach and Meibtren, loc. af., give b P 124127 

cycloHeny! Thvolacetate --When cyclohbexy! toluene-p-sulphonate (10 g.) and potassium thiolacetat 
0 « ) were heated ander reflux in ethanol (50 ¢« a rapid reaction occurred and the mixture becam: 
deep red; after being heated for 15 minutes, it was worked up and gave 8-15 g. (96%) of potassiun 
toluene-p-sulphonate. The solvent was removed through a 12°’ Vigreux column, and the first running 
contained much cydebexene, identified by its characteristic odour and unsaturation towards bromine 
The small residue, on distillation, gave cycichexy! thiolacetate (1-2 g.), b. p. 130°/110 mm., »f? 1-509! 
(Canneen, /., 1947, 134, gives b. p. 90°/14 mm 

1: 2-Bisacetylthieopropane.—-The ditoluene-p-sulphonate or dimethanesulphonate of propan« 
1: 2<diol (10 @ ) was heated with potassium thiclacetate (6 ¢. or 10 ¢., respectively) in acetone (100 c.c.), 
and gave the bisthiolacetate, b. p. 03°/1 mm., af 5197 (Found Cc, 43-45 H, 625 C,H,,0,5, 
requires C, 43 7 H, 63% 

2 3-Bisacetylthiopropy! Acetate—-The toluene-p-sulphonate (5 g.) and potassium thiolacetate 
#5 ¢ ) were heated under reflux in acetone (100 c.c.), and gave the triacetate of 2 : 3-dimercaptopropanol 
19g), b p. 120° 0-05 mm, wif 11-5105 (Evans and Owen, Joc. cit, found aff 11-5140); on acid hydrolysis, 

5-dimercaptopropanol was obtained, b. p. §1°/1 mm., »#} 1-5710 (Pound: thiol S, 49-8. Cale. for 
CH ms, S, 61-64%, 

Nom-interaction of Potassium Thiolacetate and 3-Toluene-p-sulphonyl 1 : 2-5 : 6-Diisopropylidene 
Glucose The toluene-p-sulphonate (! ¢ potasuum thioclacetate (0-45 ¢ and acetone (50 cx were 
heated at 110° in a sealed tube for 18 hours. Unchanged toluene-p-sulphonate (0-9 ¢.) was recovered, 
m. p and mixed m. p. 120°, after recrystallisation from acetone 

dethon of Potasssum Throlacetate on 5 6- Ditoluene-p-sulphonyl 1 : 3-2 - 4-Diethylidene Sorbitol.—-The 
ditotuene-f-sulphonate (6 5 and potassium thiclacetate (4-5 g.) in acetone (100 ¢.c.) were heated under 


> 


reftux for 6 hours On ad 


lition of water to the filtered and concentrated solution, a solid (3-5¢ m. p 

125°) was deposited Recrystallisation from methanol gave needles of 5-toluene-p-sulphony! 6-acetyl 
2: é-dicthylidene 6-thiosorbitel, m. p. 1 »B —23-2° (¢, 2 in chloroform) (Found: C, 50-9; H, 

CHO, requires C, 51-1; H, 5-86 Light absorption: max. 22604., ¢ 21,000. This 
{ 


OM pow 


.tasstum t 


1) was recovered unchanged, m. p. and mixed m. p. 128°, after being heated with 
hiolacetate (0-5 ¢ ) m acetone (25 c.c.) at 110° for 15 hours 

jeton of Potasmum Thtolacetate on 5: 6-Dimethanceuiphowy! |: 3-2: 4-Diethylidene Sorbitol.—The 
dimethanesulphonate (| ¢) and potassium thiolacetate (1-2 ¢.) in acetone (25 cc.) were heated under 
reffux for G hours Only 0-05 ¢. of a dark water-insoluble product was obtained With a shorter time of 
reaction (1 hour) a dark otf (0-7 g.) was isolated, but it appeared to contain much unchanged starting 
material 


Nom -enferact { Potassium Thiolacetate and Phenyl Toluene-p-sulphonate-—The toluene-p 


' 
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(0-98 g.), ent aertemn bee) weeps st | 110° for 18 
obtained, having m. p. 93°, raised to 05 


oluene-p-sulphonate Benroates of Propanc-1 2. 
diol.—(i) The material of m. p. 79° (5¢.) and potassium thiolacetate (3-5 g.) in acetone (50 c.c.) were heated 
under reflux for | hour; potassium was formed during this time 

L ter 





mixed m. p 

gave an oil, tion fu: 

e's sa98 (Pound : C, 0-8; H, 62 CoatsOrs requires © 0-45. 

residue consisted mainly of the compound, m Tocutanant of the hishanctate (1) te caheneh 
(10 c.c.) with 1-chioro-2 : 4-dinitrobenzene ( gig gpg ge ae 


Phenyl 2-benzoylos 
(Found: N, 7-75. 


therefore heated in a sealed tube at 110° for 15 hours, and gave | -benzoylory everett 2-+tholacetate (1-2 g.), 
b. p. 118°/1 mm., »ff 1-5248 (Found: C, 60-8; H, 605. C,,H,,0,5 requires C, 60-45; H, 5-9%). When 
this compound (0-1 g.) was heated under reflux for 10 minutes in ethanol (10 cc.) with I-chioro-2 : 4 
dinitrobenzene 0-085 g ) and 10% aqueous sodium wt sulphide (0-53 c.c., 3 mols.), the subsequent additioa 
of water gave 4-dinitrophenyi 2- ae ae , which crystallised _ aqueous ethanol 
as pale yellow needles, m. p. 87° (Found C,H,,0,N,5 requires N, 10-35%, 


Light-absorption data were kindly determined by Dr. E. A. Braude 
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111. Dithiols. Part V. Further Non-vicinal Dithiols. 
By Perer Biapow and L. N. Owen. 


The sulphonyloxy—thiolacetate exchange reaction (Chapman and Owen, rye paper) 
has been applied to the preparation of dithiopentacrythritol, 2: 5-ditdso-1 : 4-3 : 6-dianhydro- 
mannitol (dithicisomannide), and | : 6-dithiomanniiol, Two unexpected instances AB 24 
fismon of an tsopropylidene group have been encountered in some derivatives of oY 

The formation of a cyclic sulphide, by removal of the toluene-p-sulphony! group yz a“ 
1-tosy]-3-acetylthio-compound, is recorded 


DITHIOPENTAERYTHRITOL (I) was first prepared by Backer and Tamsma (Rec. Trav. chim., 
1938, 57, 1183) by interaction of pentaerythritol dibromohydrin with sodium disulphide, 
followed by reduction of the intermediate cyclic disulphide with sodium in liquid ammonia. 
Peppel and Signaigo (U.S.P. 2,402,665) used a similar method, but reduced the disulphide by 
hydrogenation under pressure over a cobalt polysulphide catalyst. 

It was thought that a more convenient laboratory method for the preparation of (I) could 
be based on the sulphonyloxy-thiolacetate exchange reaction described by Chapman and Owen 
(Part IV; preceding paper), since suitable starting materials are readily obtained by protection 
of two of the hydroxy! groups in pentaerythritol by the formation of cyclic acetals, either with 
aldehydes (Read, J., 1912, 101, 2000; Schulz and Tollens, Annalen, 1896, 289, 28; Skrabal 
and Kalpasanofi, Ber., 1928, 61, 55; Béeseken and Felix, Ber., 1928, 61, 787; Fairbourne and 
Woodley, /., 1926, 3240) or with ketones (Béeseken, Rec. Trav. chim., 1922, 41, 722; Skrabal 
and Zlatewa, Z. physikal. Chem., 1926, 119, 305; Béeseken and Hermans, Ber., 1922, 55, 
3760; Béeseken and Felix, Ber., 1929, 62, 1310; Orthner, Ber., 1928, 61, 116). It is necessary 
to remove the protecting groups at a later stage in the synthesis, and since the cyclic acetals 
with ketones appear to be more readily hydrolysed than those with aldehydes (Skrabal and 
Ziatewa, loc. cit.), the isopropylidene derivative (11) was chosen, and was prepared by a 
modification of Orthner’s method (loc. cit.). 

Treatment of (II) with two moles of toluene-p-sulphony! chloride in pyridine afforded 
ditosyl isopropylidene pentaerythritol (111). Similarly, with methanesulphonyl chloride in 
pyridine, dimethanesulphonyl isopropylidene pentaerythritol was formed. Throughout this 
work, Tipson’s general method (J. Org. Chem., 1944, 9, 235) has been followed for the preparation 
of tosyl and methanesulphony! compounds; he pointed out that it is essential in many cases to 

ge 
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keep the temperature of the reaction mixture below 5°, and in this connection it is of interest 
that Rapoport (/. Amer, Chem. Soc., 1946, 68, 341; U.S.P. 2,441,595) found that monoiso- 


HSCH, CHyOw AcSCH, CHyO SCH, CHyOH 
<— " CMe, —> Me, ~~ 

HSCH, CHyOH AcS-CH, CHyO SCH, CHyOH 

iv 


Vi) 


CHyOH AHyOA 


CHyOH CH OAc 
(Vill) 


HOCH, CHyO 
: 


i Me, 
HO-CH, CHyO 

il 
Ts « » C,H MeSO,) 


propylidene pentaerythritol with toluene-p-sulphony! chloride in warm pyridine gave the 
corresponding dichloro-compound instead of the ditoluene-p-sulphonate. 

When the ditosy! compound was refluxed with potassium thiolacetate in acetone for a 
limited time, only one of the tosyloxy-groups was replaced, and O-fosy! S-acetyl OO-iso- 
propylidene monothopentaerythritol (IV) was obtained. Prolonged treatment of this product 
with potassium thiolacetate and acetone gave d1-S-acetyl OO-isopropylidene dithiopentaerythritol 
(V). The same compound was obtained by reaction of the dimethanesulphonate with 
potassium thiolacetate in boiling ethanol. 

An attempt was made to remove simultaneously the acety! and isopropylidene residues in 
(V) by hydrolysis with hot aqueous methanolic hydrogen chloride. The main product, which 
separated from the reaction mixture, was a high-melting solid containing no free thiol; 
furthermore, it showed no selective light absorption in the ultra-violet and was therefore not a 
thiolacetate. It was identified as SS-isopropylidene dithiopentaerythrito!l (VI), previously 
prepared by Backer and Tamsma (loc. eit.). Evaporation of the mother-liquors gave some 
dithiopentaerythrito! (1). The isepropylidene compound (VI) may be formed either by 
reaction of the dithio!l with acetone liberated during the hydrolysis, or by hydrolysis of the 
acety! groups in (V), followed by direct migration of the acetone residue (possibly through an 
intermediate OS-isopropylidene compound). The mechanism of this reaction will be 
investigated further, but it may be pointed out that the migration of isopropylidene residues in 
certain dulcitol derivatives, catalysed by quinoline hydrochloride, has been observed by Hann, 
Maclay, and Hudson (/. Amer. Chem. Soc., 1939, 61, 2432). In accordance with the known 
stability of the cyclic acetals of dithiols, (V1) was unaffected by acid hydrolysis. 

When the bisacety!thio-compound (V) was hydrolysed with methanolic potassium hydroxide, 
it gave a small yieki of SS-ssepropylidene dithiopentaerythritol (VI), identical with the 
material obtained by acid hydrolysis. This result was quite unexpected, since isopropylidene 
residues are normally unaffected by alkali 

SS-soPropylidene dithiopentaerythritol (VI) was characterised by acetylation to yield 
dt-O-acetyl SS-isopropylidene dithtopentaerythritol (V 11), isomeric with (V), and by reaction with 
methanesulphony! chloride in pyridine to yield ds-O-methanesulphonyl SS-isopropylidene 
dithopentaerythrivtol, both derivatives being crystalline. Acetylation of dithiopentaerythritol 
gave a liquid fefra-acetate 

Treatment of tosy! S-acetyl topropylidene monothiopentaerythritol (IV) with sodium 
methoxide in methanol-chioroform (the usual conditions for the formation of anhydro- 
compounds in the carbohydrate field; cf. Peat and Wiggins, /., 1938, 1088) resulted in 
elimination of sodium toluene-p-sulphonate and of the tsopropylidene residue, with formation 
of a small amount of 3: 3-dushydronymethylihietan (VII1). The reaction thus provided another 
example of the unexpected loss of an ssopropylidene group; as far as we are aware, it is also the 
first occasion on which a cyclic sulphide has been prepared by such a method. 

During the general investigation of the sulphonyloxy-thiolacetate exchange reaction 
(Part IV; loc. est.) it was found that secondary groups differed considerably amongst them- 
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selves in their reactivity. Since, however, it had been shown by Hockett, Fletcher, Sheffield, 
Goepp, and Soltzberg (J. Amer. Chem. Soc., 1946, 68, 930) that the two secondary toluene-p- 
sulphonyloxy-groups in 2: 5-ditosyl |; 4-3: 6-dianhydromannitol were capable of being 
replaced by iodine when the compound was treated with sodium iodide in acetone at 120°, it 
appeared probable that an interchange with potassium thiolacetate could be effected; the 
compound actually used was the 2 : 5-dimeth Iphonate (IX) (Montgomery and Wiggins 
J., 1948, 2204), which reacted with potassium thiolacetate in ethanol at 110° to give solid 
diacetyl 2: 5-dithio-1 : 4-3 : 6-dianhydromannifol (X), together with much uncrystallisable 
material. Some deacetylation appeared to occur during the reaction, and the crude product 
was therefore re-acetylated before being worked up. The thiolacetate (X) was smoothly 
deacetylated by heating with methanolic bydrogen chloride, and gave 2: 5-dithio-1 : 4-3: 6- 
dianhydromannitol (XI) as a low-melting solid; it was characterised as the bis-2 : 4-dinitrophenyl 
derivative (XII), which showed a remarkably high optical rotation in nitrobenzene solution 
(fa)? —398°) 

A second possible route to dithioisomannide was explored. This was based on an 
observation by Freudenberg and Wolf (Ber., 1927, 60, 232), who found that the 3-methy! 
xanthate of diisopropylidene glucose, when heated to 300°, underwent a rearrangement and 
gave a dithiolcarbonate, from which 3-thioglucose was obtained by hydrolysis : 





R-O-CS‘SMe ——» RSCOSMe ——> R-SH (R = diisopropylidene glucose residue) 


Treatment of 1 : 4-3 : 6-dianhydromannitol with sodium in liquid ammonia gave the disodium 
derivative which, by the action of carbon disulphide, followed by methy! iodide, was converted 
into the 2 : 5-di(methyl xanthate) of isomannide (XIII). This, however, failed to undergo any 
rearrangement on distillation at 170°, since a portion of the product, on hydrolysis, gave 
tsomannide; when it was heated at 290°, extensive decomposition occurred, but the distillate 
still appeared to consist mainly of unchanged xanthate. 

In Part LII (Evans, Fraser, and Owen, /., 1949, 248) the preparation of | : 6-dithiomannitol 
was described. Since this compound exhibited some unusual physiological effects, its synthesis 
by an application of the sulphonyloxy-thiolacetate exchange reaction was devised as a possibly 
more convenient route. The starting material was 1 : 6-ditosyl 2 : 5-diacety! 3 : 4-isopropylidene 
mannitol (XIV) (Wiggins, /., 1046, 386). On treatment with potassium thiolacetate in 


O-SO, Vie.) 


ot S-SMe" ; 

boiling acetone this gave 1 : 2-5 : 6-tetra-acetyl 3: 4- isopropylidene 1 : 6-dithiomannitol (XV 
Removal of the acetyl and tsopropylidene groups by acid hydrolysis then gave a crude dithiol, 
which when purified by acetylation afforded crystalline Aexa-acetyl 1 : 6-dithiomanniiol, This 
compound, however, was not identical with the hexa-acetate described by Evans, Fraser, and 
Owen (loc. cit.); furthermore, on deacetylation with methanolic hydrogen chloride it gave pure 
1 : 6-dithiomanniiol (XVI), which differed from the dithiol previously described under this 
name. This discrepancy led to a reinvestigation of the “ dithiomannitol” prepared by the 
earlier route, and has resulted in the discovery that the original dithiol, its hexa-acetate, and 
the 1: 6-dibromide from which it was derived, have the dulcitol configuration (see Bladon, 
Owen, Overend, and Wiggins, Nature, 1949, 164, 567). 


EXPERIMENTAL. 
ences: Beets pn in ethanol, were kindly determined by Dr. E. A. Brande.) 


very yen snr + 4 powdered pentaerythritol (180 g.) was stirred 
ab a tubeteoe of Onan th ), water c.c.), and concentrated acid (89 oc.) 


for $3 haus. Unchanged pentaerythritol (3g) was filtered off and washed with wcctous.” The 
Guuste wen athaed wilt poteehn taluonats WES). ented in small portions, and the lower, aqueous 
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TS ee en eee Ot 500 cc). The combined acetone 





du we (781 by 
ate 4g extracted (Soxhlet) with bght petroleum (b. p. 40- yA for 4 hour 
Sy of this os gave crude diisepropylidene pentaerythritol (44 ¢ ), p. 160-170 
{ )/20 mm, m p. 106-111". The monoes derivative (56-3 ¢.) 7 obtained by 
exhaustive extraction of the residue with ether in same apparatus (24 hours) . the m. p., 120-125", 
tion from ethyl acetate-light petroleum (b. p. 40--60"). A residue 

y unchanged pentaerythritol, remained after the ether extraction 

fidene darvatives respectively, Orthner (lee. cst.) gives m. p. 128-—129 
L-com (lec. eit.) give 135° and 116°; Kapoport (lec. cit) gives 


ne (I11).—-The monossopropylidene compound (17-6 g.) in dry 

Tidine (150 cc.) was treated with toluene-p-sulphonyl chloride (42 g., 10%, excess), the temperature 

kept below 5°. After 12 hours at 0°, water (700 cc.) was slowly added, and the precipitated solid 

m 140-146") was collected and washed with water Recrystallisation from acetone gave colourless 

ed th (34-6 ¢.. 71%) of ditoeyl isopropylidens pentaerythritol, m. p. 152---153° (Found. C, 54-4; H, 
540, 5 132 Cpl ysOySy requires ©, 54-2; H, 5; 5S, 13-2%). 

Diumeth yl t90Propyiidene Pentacrythritel.-The monossopropylidene compound (17-6 g 
was added in small portions to a cooled solution of methanesulphony! chioride (25-2 g., 10%, excess) in 
dry pyridine (100 ¢.¢.), the temperature being kept below 10°. After being kept overnight at 0°, the 
mixture was poured into water (400 c.c.). The brown solid was collected, washed with water, and 
recrystallised from methanol to give dimethanesulphonyl yay pentacrythritel (17-9 g.), m. p 
107.110", — on further recrystallisation to 110—11 (Found: C, 369; H, 65; 5, 1935 
Cyl OS, requires C, 36-1; H, G1; 5, 193%, 

Mechos a Ditosyl iso Pr: pyisdene Pentacrythritol with Potassium Thiolacetate The ditosy! compound 
(34-5 g., 00805 mol.), potassiom thiclacetate (20-3 g.. 0-178 mol.), and pure acetone (150 c.c.) were 
hea ender reflux for 8 hours, a further tity of pot thiolacetate (4 g., 0-035 mol.) being 
added after 6 hours The reaction mixture was Cooled and filtered, and the salts were well washed with 
acetone. The filtrate was evaporated, and the residue was treated with water (50 c.c.) and extracted 
thrice with chloroform (50 c.c. portions). Evaporation of the dried (Na,SO,) extracts gave a residue 
(26-5 g.) which was dissolved in methanol and overnight at 0°. The solid (187 ¢.; m. p. 85—92") 
was collected and recrystallised from methanol to give O-fosy/ S-acetyl OO-isopropylidene monothio- 
ee (IV), m. p. 01-03" (Found: C, 52-85; H, 64; 5,163. C,,H,,O,5, requires C, 52-55; 
1,62, 5, 166%). The compound was unstable and underwent extensive decomposition after storage 
for a few months. Concentration of the methanolic mother-liquors gave further crops of solid, m. p 
60", which ybably contained the bisthiolacetate (see below). 

Reaction of Tosyl S- Acetyl OO-woPropylidene Monothopentaerythritol with Potassium Thtolacetate - 
The above monotosy! compound (7:76 g.), potassium thiolacetate (6-6 ¢., large excess), and acetone 
70 ©.¢.) were heated under reflux for 30 hours. The precipitated solid was filtered off and well washed 
with acetone. The Gitrates were evaporated to small bulk, the residue was treated with water, and the 
«ll was isolated by chloroform extraction followed by evaporation of the dried (Na,SO,) extracts 
Crystallisation of the residue from ethv! acetate-light petroleum (b. p. 60-80") failed to give any pure 
material; apparently the bisthiolacetate and the monotosyl-monothiolacetate form a mixture, m. 7 
57-30", which w not readily separable by crystallisation. Accordingly, the crude product was 
distilled, b. p. 120° (bath) 06-0001 mm., and the solid distillate (3-05 g., 67-59%) was recrystallised from 
methanol. Ji-S-aety! OO-isopropylidene dithiopentaerythritel (V) lormed colourless tablets, m. p 
63-45" (Found: C, 407, H, 7-3; 5, 22:15. C,,H,O,S, requires C, 40-3; H, 69; 5, 21-90% Light 
absorption > max 22004. « 80 

Reaction of Dimethanesulphonyl woPropylidens Pentaerythriiol with Potassium T holacetate.—-The 
dimethanesulphonate (17-85 ¢.. 6054 mol), potassium thiolacetate (18-5 g., 0-161 mol), and ethanol 

170 <.c.) were heated under reflux for 13 hours. The potassium methanesulphonate (15 g.) was removed 
and washed with ethanol. The filtrates were concentrated under reduced pressure, then diluted with 
water and extracted with chloroform. Evaporation of the dried (Na,5O,) extracts gave a syrup 
(14-8 g., 96%) which crystallised on being stirred with methanol Recrystallisation from this solvent 
gave large rectangular tablets of di-S-acety! OO-isopropylidene dithiopentaerythritol (120 g., 76%) 
m. p. 63-65", undepressed on admixture with the material prepared from the tosy!l compound 

4otd Hydroiyns of Di-S-acetyl OO-0Propylidene Dithtopentaerythritol.—-The compound (10 g.) was 
heated under reflux for 2 hours with methanol (20 c.c.) and 2n-aqueous hydrochloric acid (20 ¢.c.) in an 
atmosphere of nitrogen. Concentration of the solution then gave a solid (4-4 g.), which was collected, 
washed with water, and recrystallised from dioxan. SS-s0Propylidene dithopentaerythritol (VI 
formed flattened needles, m. p. 198-200", which did not show selective altra-violet-light absorption or 
give a thiol reaction (Found: 5. 30-7. Calc. for C,H,,O,5,: S, 30-8% Backer and Tamsma (/oc 
of.) give m p 1990-52005 Further concentration of the original aqueous solution gave a second 
crop of crystals (1 ¢.), m p. @--97", and, om complete evaporation, a final residae (1 g.), m. p. 87-89 
Recrystallisation of these from benzene gave plates, m. p. 95-96", of dithiopentaerythritol (1) (Found 
thiel 5S, 37-0. Cake. for C,H,OS,: 5, 381% Acetylation of dithiopentaerythritol with aceti 
anhydride and sodium acetate at 100° for 8 hours gave the tetra-acetats as a colourless oil, b. p. 100—120 
bath) /0-0001 mm., =}? 1.6092 (Found: C, 46-55: H, @2; S, 1915. C,,H,O,S, requires C, 46-5 
H, 60; S, 101%, Light absorption: max. 2310 4., ¢ 8400 

Alhaisne Hydrolyns of Di-S-acety) OO-ts0Propyltdene Lriinopentaerythritol._-The compound (0-93 g 
was kept overnight under nitrogen with potassium hydroxide (1-5 g.) in methanol (15 c.c.). The alkal 
was then neutralwed with carbon dioxude, water added, and the mixture extracted thrice with chloroform 
Ev ation of the dried (Na,SO,) extracts gave a pale yellow oil (0-65 g.) containing free thiol, which ox 
dis tien furnished a hqukl forerun, b p. 90 120° (bath) /0-0001 mm. and a semi-solid material 
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.), b. p. 120---150° (bath) 0-000! mm. The latter on crystallisation from methanol gave SS-ise- 
and mixed m. p. 197--199°. 

sep ode pty een Mee a enh psy Freche: heatea 

water. 


ye heating 
the compound with acetic P nydride and sodium acetate on the steam-bath for 6 hours (Found: C, 
49-6. H, 740; S, 21-85. Captal me woetiae 493; H, 68; S, 21-09%). 

The th as prepared by treatment of 55S-isepropylidene ese png ee a 
with o sight exces ef mothanssslpbany! chloride in pyridiee for 13 keers at 6°; it formed fine needles, 

m. p. 123-125", from acetone-methanol (Found: C, 33-2; H, 56; 8, 352. C,H.O,5, requires 
C, 32-0; H, 55; S, 35-2%). 

Reaction of Tosyl S-Acetyl OO-isoPr yiidene Monothiopent aritol ath Sodium Methoside —-The 
cout compcens (7205008 Seam. 5 ¢.c.) was treated at 0° with sodium (0-14 g.) in dry methanol 
(3 c.c.) od rapidly separated, at first as a gel, and su uently in 
form The moxture was kept for an hour at room temperature, and at 0° overnight fater (15 c.c.) 
was then added, and the chloroform layer was separated; the aqueous solution was extracted thrice 
more with chloroform. The dried (Na,50,) extracts were evaporated and the residue was brought to 
crystallisation by evaporation several times with light petroleum (b. p. 40-40"). Crystallisation 
from methanol gave a small amount (0-19 ¢.) of ditosy!l isopropylidene pentaerythritol, m. p. and mixed 
m. p. 152-154", mably present as impurity in the starting material. The mother-liquors were 
evaporated, and the residue was heated under reduced pressure; 3: 3-bishydroxymethylthielan (VIII) 
(54 mg.), m. p. 72-74", sO ot Oe ne enon ee Same C, 44-8; H, 7-45; 5, 241 
Patsy cos lpia H, 7-5; S, 23-90%). A considerable amount of edi cnn celetie enlaues 

consisted 











polymer 
43: 6 Dranhydromanmsio! (cf. Hockett ef al., joc. cit.; Montgomery and Wiggins, /., 1947, 433).— 
Mausioal (20 ) and tol Iph ecid (8 ¢.) were thoroughly mixed by shaking in a 400-c.c 
Claisen flask, tted with the usual capillary leak and thermometer, and connected to a cooled receiver. 
The pressure was reduced to 50 mm., and the mixture was heated to 160-180" till molten. The bath 
temperature was then reduced to 140—150" and kept thereat for | hour whilst water was collected in 
the receiver. The pressure was then reduced to 2 mm., and as much material as ible was distilled 
into a clean receiver at a bath temperature of 160-- a care ape taken, particularly towards the end 
of the distillation, ae tases conte aiie deca ta ite, b. p. 120-130" /2 mm. 
(12-9 ¢.), with tsomannide, pt pene rex tion from the minimum 
amount of ethyl acetate it pk prisms (10-5 g., 26%), m. p. 8586" preparation was successfully 
carried out on twice this scale 
Diacetyl 2: 5-Dithio-1 : 4-3 : 6-dianhydromannitol (X).-—2:5-Dimethanesulphony! 1 : 4-3: 6-di- 
Sa (Montgomery and Wiggins, /., 1948, 2204) (6-0 g.), potassium thiolacetate (6-0 «.; 
excess), thiolacetic acid (0-2 c.c.) in ethanol (30 c.c ) were heated in a sealed tube at 110-~115° for 
12 hours ge pe he patent meth te (5-5 ¢.; calc., 5-4 ¢.) was removed, and the 
alcoholic filtrates were evaporated to dryness. The residue was acetylated by heating with acetic 
anhydride (20 c.c.) and fused sodium acetate Gq) ) for 2 hours on the steam-bath, in order to counteract 
any deacetylation which might have occurred during the initial reaction. The resulting mixture was 
stirred with water to decom the excess of acetic anhydride, and the oil was isolated by 4 extract 
with chloroform (35 c.c.; 3 x 15 ¢.c.). The extracts were washed with saturated sodium hydrogen 
carbonate solution, dried (Na,SO,), and evaporated to a red oil (63 g.) which was fractionally di 
in nitrogen. After removal of some low-boiling material, the main product was collected at 135-—~ 
140° 0-1 mm. (bath temp. 190—200°), =i! 1-568--1-552; on storage, it solidified. Recrystallisation 
from ether-light petroleum (b. p. 40-—60°) gave prisms, m. p. 35-——37°; yield 3-25 ¢. (62%). Further 
recrystallisation from the same solvents gave colourless crystals, m. p. 36—37-5", (aj)! + Tes fe, 23 in 
a he of diacetyl 2: 5-dithio-1 : 4-3 : 6-dianhydromannifol (Found: C, 46-1; H, 5-65; S, 24-55. 
Colt, 14 S, requires C, 45-8; H, 5-4; S, 24-45%). Light absorption: max. 2310 a, ¢ 8400 
‘Dithio~I 4-3 : 6-dianhydromannitol (X1).—The above diacetyl compound (3-12 g.) was heated 
under noun with 2:5% hydrogen chloride in methanol (50 c.c.) for 4 hours. The solvent was removed 
by distillation under reduced pressure and the residual oi! (2:12 g., 100%) was kept under reduced 
— over um hydroxide, whereupon it partly solidified Distillation furnished 2: 5-dithio- 
4-3 . 6-dianhydromannitol as a yellow oil, m 15—16°, b. p. 60-—80° (bath) /0-0001 mm, 
; 5692, fal}? + 85° (c, 2-5 in chloro cede ‘ol? PYa0" ‘e, ‘14 in O-26- aqueous sodium hydroxide) (Fou: 
C, 0-6; 5-75; S, 36-1; thiol 5, 364. C,H,O,S, requires C, 40-4; H, 5-65; 5S, 360%) The 
dithiol was readily soluble in all the common organic solvents. 
Bis-2 : 4-dimttrophenyl poe 2 ae -The dithiol (0-26 g.) was heated under reflux with 
2 : 4-dinitrochlorobenzene (0-6 g.) and potassium hydroxide (0-17 g.) in ethanol (106 c.c.) for | hour. 
A copious ange 8 es of potassium chloride was produced. On pouring the solution into water, an 
emulsion was obtained, but this was broken on acidification with dilute seas | acid. The brown 
precipitate was collected, washed with water, ‘ond dried; yield, 0-73 g. (98%) ; 
recrystallisation from aqueous acetic acid, and three from acetone gave the , 
m. p. 187—188°, (a}}? — 398" (c, 1 in nitrobenzene) (Found: C, 41-9; H, 30; N,1l-l. C,,HON,S, 
requires C, 42-35; H, 2-8; N, 11-0%). The substance was difcultly soluble in most common solvents, 
but dissolved readily in hot acetic acid or acetone. 
1 : 4-3 : 6-Dianhydromannitol 2: 5-Di(methyl Xanthate) (XITI).-1 : 43 : 6-Dianhydromannitol 
7-3 g.) in liquid ammonia (300 c.c.) was treated with finely divided sodium (23 g.). After a few minates, 
during which the blue colour had not en’ 
and the last traces were removed from the 
The fine white . 
iodide (43 g.) was then added, and the heating continued for a further 16 hours. The mixture was 
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shaken with water (100 ¢ ¢.), and the lower aqueous layer was separated and extracted thrice with ether 
(100-ce portions) The combined carbon disulphide and ethereal solutions were dried (080) and 
evaporated. The red residue (12-2 g.) on tion from a wide-necked retort under high vacuum 
gave tome very volatile material (possibly dimethyl tomannide) which condensed in the liquid-air trap. 
The second fraction (043 ¢). b. p. <120° (bath)/0-0001 mm., wf 1-6387, [af + fe. 23 
chloroform), probably constvted of monomethy! isomannide mono(methyl xanthate) After 
the collection of some intermediate fractions (24 ¢), the main bulk (62 ¢.) distilled at 170° 
(bath) 0-001 mm. Kedistillation gave the di(methy! santhate) as a viscous orange liquid, «ff 1.4318, 
al + 266° (¢, 2-4 in chloroform) (Pound: C, 366; H, 46; 5, 393. CH,,0,S, requires C, 368; 
H. 43; 8, 303%). Light abeorption: max. 2260, 28004 ; ¢ 10,100 and 14,000, respectively. After 
being kept for several weeks, the syrup crystallised. Two recrystallisations from ethy! acetate methanol 
afforded pale yellow plates, m. p. 56-40", +f + 274° (¢, 2-0 in chioroform) (Found : C, 37-0; H, 45; 
3, 70-3% Light a jon: max. 2270, Ma. © 14,600 and 17.500. infl 27904: « 15.000 


Reachon of 1:45 Diavhydromaunitol 2: 5-Dnimethyl Xanthate) with Sodiwm Methomde —The 
above compound (1 a syrup) was heated under reflux for 4 hours with sediam methoxide (1 g.) in 
methanol (15 ¢ c) alkali was then neutralised with carbon dioxide, the solution was filtered, and 
the filt and hings were ted to dryness. The crystalline residue was extracted overnight 
in a Soxhlet apparatus with chloroform: evaporation of these extracts gave tsomannide (0-43 g), which 
was characterised by comversion into the dimethanesulphony! derivative, m p. and mixed m. p. 101 
62", (if + 136° fc, 1 in chioreform) 





Pyrolysis of 1: 43 6-Dianhydromannitol 2: 5-Di(methyl Xanthate)-—A portion of the syrup 
(1-2? g.) wae heated at 290° at atmospheric pressure in a emall retort held vertically in a metal-bath 
Under these conditions, the compound refluxed gently, and slowly evolved a small amount of volatile 
material which coflected in a hquid-air trap attached to the end of the retort. The temperature was 
allowed to fall to 250° during one hour, and the retort was then rearranged for distillation in the usual 
way. A small quantity (6-06 ¢.) of an ofl was collected at 120-125" (bath; /0-0001 mm, which probably 
consisted of unchanged xanthate; light absorption: max. 2260, 2810 4., ETS, 240, 220; infl. 2870 4., 
BY%, 160. A considerable amount of dark viscous material remained in the retort 

7T 2-5 : 6-Tetra-acetyl 3 4-isoPropylidene 1: 6-Dithiomannifol (XV}.--1 > 6-Ditosyl 2. 5-diacetyl 
3: 4isopropylidene mannitol, mp. 111-113", (a) +229" («, 1-7 in chloroform) was prepared by 
Wiggins + method (/., 1046, 384 This substance (8 g.), potassium thicolacetate (45 g.), and dry 
acetone (30 c.c.) were heated under reflux for 4 hours. Precipitated potassium toluene-p-sulphonate 
was removed (67 ¢, 102%) and washed with acetone, and the filtrates were concentrated and then 
diluted with water (40 c< The oily layer was taken up in chloroform, and the aqueous portion was 
extracted thrice with chloroform emoval of solvent from the dried (Na,5O,) extracts gave the 
tetra-acetyl derivative as a dark viseid oil, which could be distilled only in small quantities, b 120 
(bath) /0-0001 mm., jf 14950, af +114 (ce, 1-4 in chloroform) (Found: C, 470; H, 6-4; S, 149 
CypltgsO 5, requires ©, 4635; H, 62, 5, 15-2%). Light absorption: max. 2280 a., ¢ 8000. 

i 6- Duthiomannito! XVI The above bisthiolacetate (5-6 g.; not distilled) was heated under 
reflux for & hours with 2% methanolic hydrogen chloride in an atmosphere of nitrogen. The solvent 
was then removed under reduced pressure, but the residual glass could not be induced to crystallise, and 

bly contained some partly hydrolysed material. It was therefore heated for a further § hours with 
hydrochloric acid (7 <.c.) at 100°, under nitrogen. Freese-drying of the solution at ca. 0° under 
reduced pressure then gave the crude dithiol (2-7 g.) as a powder, m. p. 120-—135", [e)} + 18° (c, 1-2 in 
water) (Found; thiol 5S, 244. C,H,,O,5, requires 5, 20-99%), which was acetylated by being heated on 
the steam-bath for 5 hours with acetic anhydride (12 c.c.) and fused sodium acetate (1 g.). The reaction 
mixture was then stirred with water and extracted with chloroform. The extracts were washed 
with sodium hydrogen carbonate solution, dried (Na,SO,), and evaporated. Recrystallisation of the 
teskiue from methanol gave needles (0-6 ¢.) of Aewe-acetyl 1 : 6-dithsomannifol, m. p. 107—109", ‘ap 
+81-8" (c, 1 im chloroform), raised on further recrystallisation from methanol to m. p 109—111 
af +85" fc, | im chloroform) (Found. C, 465; H, 5-0; S$, 13-65. C,,H,,O,,5, requires C, 46-3; 
56, 5, 13-79%). Light absorption: max. 2300 4., « 8200. 

Deacetylation of the hexa-acetate (0-59 g.) by heating under reflux with 2% methanolic hydrogen 
chloride for 5 hours, followed by evaporation to dryness under reduced pressure, gave a solid (0-3 g.), 
which was freed from traces of a dl by being kept under reduced pressure for several hours over 
potassium hydroxide Kecrystallisation from methanol gave | : 6-dithiomannifol, m. p. 155-—157", 
ah + 1-86" (c, O6 in water), [a EF +15" (¢, 0-6 in 2-94 aqueous borax) (Found: C, 34-3; H, 6-85; 
5, 20-4; thiol 5, 287. C,H,,O,S, requires C, 33-6, H, 66; 5, 20-09%). The dithiol is hygroscopic, and 
recrystallization is attended with some difficulty. Unlike | : 6-dithiodulcitol (the former “ | : 6-dithio- 
mannitol “'), it is readily soluble in water 

1: 2-3 | &-Diisopropylidene 1 + 4-Dithtorrythritol.—In Part ITI (Evans, Fraser, and Owen, loc. cit.) 
the m. p. of this substance was erroneously given as 145"; it has m. p. 105 
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112. Dithiols. Part VI. Ethers of 2: 3-Dimercaptopropanol with 
Mannitol and Sorbitol. 


= Perer Biapon and L. N, Owen. 


A description is piven SenRS Seen Be re) Ot Se eae Nee 
soluble ethers of DAL” and 3-(2:3 
mannitol; 6-(2: a it ce vi) sorbitel: and | “and Da pole 0 a tl i+ 
anhydromannitol. The acetyl derivatives were obtained 





Iw Part II of this series (Evans and Owen, ]., 1949, 244), the preparations of the a- and §-glycery! 
ethers of “ BAL " (2: 3-dimercaptopropanol) were described. This work has now been extended 
to the synthesis of compounds in which the hydroxy! group of “ BAL "’ is etherified by one of 
the hydroxy! groups of mannitol or sorbitol. The general method was the same as in the 
earlier work, and involved the preparation of the corresponding fully acetylated allyl ethers. 
These were made by three genera! methods : 

(a) Direct allylation of a suitably protected derivative of the hexitol with allyl bromide in 
the presence of sodium hydroxide. This method has been studied by Yanovsky and his 
co-workers (/. Amer. Chem. Soc., 1944, 66, 1626; 1045, 67, 46), who applied it to the complete 
allylation of carbohydrates. In the present work, it was necessary to allylate only one of the 
two hydroxy! groups usually available in the protected hexitols, and the procedure adopted was 
therefore the addition of allyl bromide to a solution of the hexitol derivative in concentrated 
aqueous sodium hydroxide. 

(6) Reaction of the sodium derivative of the hydroxy-compound (prepared by treatment 
with sodium in liquid ammonia) with allyl bromide. 

(c) Ring-opening of an ethylene oxide anhydro-compound with sodium ally! oxide in allyl 
alcohol. In the case of terminal] epoxides, ring opening proceeds mainly in such a way that the 
allyloxy-group becomes attached to the terminal carbon atom (cf. the analogous case of ring 
opening with sodium methoxide, Vargha and Puskas, Ber., 1943, 76, 859). No Walden inversion 
occurs, and the product has the configuration of the initial epoxide. With a non-terminal 
epoxide, the ring opening can occur in two ways, and, since Walden inversion takes place in both 
cases, neither of the two products has the configuration of the initial epoxide. 

The allyl ethers were then subjected to acid hydrolysis to remove the protecting groups 

isopropylidene or ethylidene), and then fully acetylated, the products being treated with 
bromine in carbon tetrachloride solution, to yield the dibromopropy! ethers, These compounds, 
on treatment with potassium thiolacetate in boiling ethanol, gave the corresponding bisthiol- 
acetates. Deacetylation of these was carried out with either barium methoxide or methanolic 
hydrogen chloride. 

The starting material for the preparation of the 6-sorbitol ether of 2 : 3-dimercaptopropanol 
was 1 : 3-2: 4-diethylidene sorbitol (Appel, J., 1935, 425; Hockett and Nickerson, J]. Amer. 
Chem. Soc., 1947, 69, 850). Attempts at the direct allylation of this compound with ally! 


orcH, OCH, CH,OR 
weCH’ H<-O MeCH’ HO H-C-OR 
O<-H OCHMe OH CHMe Re n> H 
Hcy H oO” H-~<C-OR 
Hi HOH H<¢-OR 
cHy CHyOCH,SCHICH, CHyOCH SCHICK, 
! ab) (il; Rw H) 
ay K = Ac.) 


bromide and alkali, aimed at the formation of a monoally! derivative, gave mixtures of mono- 
and di-allyl compounds. Accordingly, the route via the anhydro-compound was used. 
1: 3-2: 4-Diethylidene 5: 6-anhydrosorbitol (1) was prepared by the method of Vargha and 
Puskas (loc. cit.) (see also Sullivan, J. Amer. Chem. Soc., 1946, 67, 837; Wiggins, ]., 1946, 388). 
An improved yield (93%) was obtained in the conversion of the intermediate 6-tosy! compound 
into the anhydro-compound. It was also possible to avoid isolation of the tosyl derivative by 
treatment of the crude syrup with sodium methoxide, and to isolate the anhydro-compound by 
sublimation, with little alteration in the overall yield. 

Ring opening of (1) with sodium ally! oxide in allyl alcohol at 100° gave | ; 3-2 : 4-diethylidene 
6-allyl sorbitol (11). The crade 6-allyl sorbitol (111) obtained by removal of the ethylidene 
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residues by acid hydrolysis was a syrup, which was acetylated to give penta-acelyl 6-ally/ sorbutos 
(IV) as a liquid which could be distilled in a high vacuum. 

Addition of bromine to this compound gave penta-acetyl 6-(2 . 3-dibromopropy!) sorbitol (V), 
which, on reaction with potassium thiolacetate in boiling ethanol furnished Aepta-acetyl 
6-(2 : 3-dimercaptopropy!) sorbitel (V1). Deacetylation with barium methoxide furnished a 
crude barium salt of the dithiol, but, as previously found with the barium salt of dimercapto- 
propyighucoside (cf. Evans and Owen, /., 1949, 244), this could not be purified 
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CHyO)\« 
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AcOH 
. AcOH 
Hoo H-C-OAc 
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preparation of 2: 3-dimercaptopropy! I(or 6)-mannitol ether, 1: 2-3: 4-diiso- 
propylidene mannitol was used (Wiggins, /., 1946, 13); this was converted into 1 : 2-3 : 4-di- 
tsopropylidene 5; 6-anhydromannito! (VII) by a modification of the method of Wiggins (/., 
1946, 388), the intermediate 6-tosy! compound not being isolated, but treated directly, in the 
crude state, with sodium methoxide, the anhydro-compound was then purified by sublimation. 
Treatment of (VII) with sodium ally! oxide in boiling allyl alcohol gave 6-ally! 1: 2-3 : 4-di- 
isopropylidene mannitol, converted by acid hydrolysis into crystalline I(or 6)-ally! mannitol, 
acetylation of which gave the solid pente-acetyl derivative (VIII). With bromine, this gave 
penta-acetyl 1-(2: 3-dibromopropyl) mannitol and thence, with potassium thiolacetate, 
hepta-acety! 1-(2 : 3-dimercaptopropy!) mannitol (IX) was obtained. Deacetylation with 
barium methoxide gave a crude barium salt 
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Vo H AcOH — OCH 
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An attempt was made to prepare the above l-allyl mannitol by direct allylation of 
1: 2-3: 4-di:ssopropylidene mannitol with a limited amount of ally! bromide and excess alkali 
Removal of the ssopropylidene residues from the product by acid hydrolysis gave a syrup from 
which l-ally! mannitol was obtained in smal! yield. Acetylation of the material remaining in 
the mother-liquors gave a syrupy product, and determination of the acetyl content and of the 
unsaturation showed that this was a mixture of mono- and di-allyl compounds. On long 
storage, crystals separated, and after purification these were found to have the analysis expected 
for a penta-acety! monoally! mannitol. The material was not identical with penta-acety! 
l-ally! mannitol (VIII), and must therefore be penta-acetyi 2(or 5)-allyl mannitol (X) 

For the projected preparation of 3-(2 : 3-dimercaptopropy!) mannitol, the starting material 
was 1; 2-5: 6<liisopropylidene mannitol (Baer, J. Amer. Chem. Soc., 1945, 67, 338) This was 
allylated with 14 moles of ally! bromide and excess of alkali, to give 3-allyl 1 : 2-5 : 6-dtiso- 
propyiidene mannitol (X1 Monoallylation in this case is facilitated by the fact that only one 
monoally! derivative is possible, since the 3- and the 4-position in mannitol are identical. Acid 
hydrolysis of (XI) gave crystalline 3-ally! mannitol, the properties of which agreed well with 
those given by Wrigley and Yanovsky (/. Amer. Chem. Soc., 1948, 70, 2104) who obtained it asa 
by-product in the preparation of 3: 4-cially! mannitol It was converted into the penta-acetyl 
derivative (XII) and thence into penta-acetyl 3-(2 : 3-dibromopropyl mannitol, The 
corresponding bisthiolacetate was not obtained pure 

The starting material for the preparation of the 2 : 3-dimercaptopropy! ether of 1 : 4-3 ; 6-di- 
anhydromannitol was 1: 4-3 ; 6-dianhydromannitol (XIII) itself, which was prepared from 
mannitol by the methods of Wiggins (/., 1945, 5) and of Bladon and Owen (preceding paper). 
Attempts at the direct monoallylation of this compound, with allyl bromide and excess of alkali, 
all yielded mainly the diallylcompound. The method which was finally used involved conversion 
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of the dianhydromannitol into its monosodium derivative by treatment with sodium in liquid 
ammonia, and refluxing of the dry sodium salt with excess of allyl bromide in benzene. A 
mixture of mono- and di-ally! compounds again resulted, but the proportion of monoally! 
compound was considerably higher. The mixture was heated with phthalic anhydride in 
pyridine (method of Levene and Mikeska, /. Biol. Chem., 1927, 75, 587), and the reaction product 
was treated with aqueous sodium carbonate solution; the alkali-insoluble portion consisted of 
2: 5-diallyl 1 : 4-3 : 6-dianhydromannitol, whilst the alkali-soluble portion, on acidification, gave 
solid 2-allyl 1 : 4-3 : 6-dianhydromannitol 5-(hydrogen phthalate) (XIV). The diallyl compound 
had properties agreeing with those described by Gregory and Wiggins (/., 1947, 1405). The 
hydrogen phthalate on hydrolysis gave 2-allyl 1: 4-3 : 6-dianhydromannitol (XV) as a liquid, 
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only slightly more viscous than the diallyl compound and of almost identical boiling point. 
Acetylation of (XV) gave the acefy/ derivative, which readily took up bromine in carbon tetra- 
chloride solution to give 5-acetyl 2-(2 : 3-dibromopropyl) | : 4-3 : 6-dianhydromannitol ; treatment 
of this with potassium thiolacetate in boiling alcohol gave triacetyl 2-(2 : 3-dimercapiopropyl) 
1 : 4-3 : 6-dianhydromannifol (XV1). Finally, almost pure 2-(2 : 3-dimercaptopropy!) 1 : 4-3 : 6- 
dianhydromannitol (XVII) was obtained by deacetylation of the thiolacetate with methanolic 
hydrogen chloride. The free dithio! was a viscid liquid, readily soluble in water. 

The analogous allylation of the monosodium derivative of 1 : 4-3: 6-dianhydrosorbitol 
(XVIII) (Montgomery and Wiggins, /., 1946, 390) gave, by use of the hydrogen phthalate 
method of separation, 2 : 5-dially! 1 : 4-3 : 6-dianhydrosorbitol (Gregory and Wiggins, Joc. cit.) 
and a liquid which was probably a mixture of the isomeric 2- (XIX) and 5-allyl 1: 4-3 : 6-di- 
anhydrosorbitol (XX); this mixture yielded a mixture of the corresponding acety! derivatives 
on acetylation. Since the two isomers could not be separated, the synthesis was not carried 
beyond this stage. 


EXPERIMENTAL. 
Light absorptions, in ethanol, were determined by Dr. E. A. Braude.) 


1: 3-2: 4-Diethylidene Sorbitol — Appel’s method of preparation (/., 1935, 425) was slightly modified 
and applied to sorbitol (500 g.), paraldehyde (500 ¢.c.), and concentrated hydrochloric acid (170 cc.) 
After 8 hours’ stirring, the mixture was extracted twice with chioroform (300 c.c., 100 «.c.), and the 
extracts were washed with 200-c.c. portions of water, 10% aqueous sodium hydroxide (twice), and with 
water again, and dried (CaCl,). The chloroform and most of the excess of paraldehyde were removed by 
distillation under reduced pressure. The residual syrup was heated with acetic acid (400 c.c.) and water 
(400 c.c.) on the steam-bath under reflux and under reduced pressure (ca. 150 mm.) for 2 hours, the 
liberated acetaldehyde being removed by a current of air drawn through a capillary leak. The solution 
was concentrated under reduced pressure until solid began to ate; dilution with water then 
precipitated triethylidene mannitol (30-40 g.), m. p. 165—167° (after recrystallisation from ethanol), 
derived from mannitol present as impurity in commercial sorbitol (cf. Bourne and Wiggins, /., 1948, 
1933). Evaporation of the aqueous solution gave a syrup, which was taken up in methanol (250 c.c.), 
and treated with ether (100 c.c.) and light petroleum (b. p. 40—00") (50 cc). 1: 3-2: 4-Diethylidene 
sorbitol crystallised as a fine powder when the solution was kept at 0° for a few days; yield, 120-—170g.; 
m 210—21¢4°. 

Ti Ntylation of 1 : 3-2 : 4-Diethylidene Sorbitol_—A mixture of the diethylidene sorbitol (23-6 g., 0-1 mol.), 
acetone (106 c.c.), sodium hydroxide (32 g.), and water (62 g.) was stirred vigorously in a 1-1. 3-necked 
flask, fitted with mercury-sealed stirrer, reflux condenser, and dropping-funnel, and surrounded by a 
water-bath at 70°, Whiel 0 eatution of aly! bromide (18 ¢., @198 taal) im ecetaee (20 cc) was added 
during 2 hours. Heating and stirring were continued for a further 2 hours, and the condenser was then 

eens ceametes the water-bath was slowly heated to 100°, whilst a stream of nitrogen was 

h the solution to remove volatile material. The contents of the flask were diluted with water 

(epee ), and the alkali was partly peetralieed with sulphuric acid (16-2 c.c of concentrated acid in 50 c.c 
xO. The reaction product was isolated by 5 extractions with ether (total, 350 c.c.), and the dried 
et extracts were evaporated; distillation of the residue gave 12-3 ¢ wry ¢ ofa viscous oil, 
1i0"o-008 man wf? 1-4730, [o)ff —7-5° (c, 4 in chloroform), (a) —4-2° (¢, 4 in ), which was 
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ture of mone and Galty a Te ae (Pound. C, 562; H, Cale. for C,,H,O,: C, 569; H, 
» 


Cake. for C, . CO 3%). 
: 5 6 Anmhydros 4 Tosyl 1: 3-2: 4-diethylidene sorbitol was pr 


and Puskas (Ber, 1943, 76, 859) and crystallised from ethyl acetate-light 
) (ef. Sullivan, = Amer, Chem. Soe., 1945, 67, 837); yield, 32%; m. p. 87-~00° 
doe. od., give ™m 
3-2: 4 Dieth 6: Ganh Lt was made by the action of sodium methoxide on the 
Be compound fargha and Puskda, lee. cit.) The yield of almost pure material ( m. p. 120-—130") 
was ovech higher than that obtained by these workers, and by Sulliwan (lec. eit.) (see also the 
- of preparation given Wiggins, /.. 19466, 388). The anhydro-compound was also made, in 
almost identical overall yield (28%), by treatment of the crude tosy! compound (syrup) with sodium 
methoxide; im this case it was isolated by subljmation at 120-140" (bath) /10 mm 

1: 3-2: &Decthylidense 6 Allyl Sorbitel —-1 3-2 . 4-Diethylidene 5 : 6-anhydrosorbitol (11-5 ¢.) was 
heated on the steam-bath for 64 hours seas reflux with a solution of sodmm (1 g.) in allyl alcohol 
(0 cc). After addition of water (100 cc), the alkali was neutralised with carbon dioxide. Most of 
the allyl alcohol was removed by distillation under reduced pressure, and after the addition of sodium 
chloride the solution was extracted 7 times with ether (total c« The extracts were dried (K,CO,) 
and the solvent was removed. lDistillation of the very viscous oi] gave |: 3-2: 4-dsethylidene 6-allyi 
sorbvtol (10-2 g., 56%), b. p. 115-130" (bath) 90-0001 mm, nj}? 1-4780, (a FB —1-3° (¢, Simethanol) (Found: 
C, 7, HL 836. CHO, requires C, 56-0, H, 1%) 

Penta acetyl @ Allyl bites 6- Allyl 1: 3-2: @-<diethylidene sorbitol (10-2 g.) was heated with 4% 
sulphuric acid (100 cc.) and ethanol (25 cc.) on the steam-bath for 5 hours, the liberated acetaldehyde 
being allowed to escape. The solution was extracted once with ether to remove otly impurities, and then 
neutralised with barmm carbonate (20 g The barium salts were removed, and the aqueous solution 
was evaporated under reduced pressure. The syrup was dried by several evaporations with small 
amounts of ethanol, and was then dissolved in ethanol (20 ¢.c.), filtered from a small quantity of insoluble 
matter, evaporated, and finally dried over phosphoric oxide under reduced pressure. This 6-allyl 
sorbitol (& g.) tailed to crystallwe, and it was therefore heated with acetic anhydride (42 cc.) and 
fused sodium gcetate (42 g.) on the steam-bath for § hours. Excess of anhydride was removed by 
distillation under reduced pressure, and the residue was stirred with water for 14 hours. The product 
was an of] (14-0 ¢., 02%) which failed to crystalline, ~ wee distilled. Penta-acetyi 6 ally sorbitol had 
b. p. 140° (hath) 3 we mm., sf 14548, (af + 0-86° 2-7 in chloroform) (Found: C, 52-1; H, 68: 
Ac, 484 Caples! wires C, 52-8, H, 6-5; Ac, 49-45%). 

Penta acetyl 3 nbromopropyl) Sorbutol.--A solution of penta-acety! 6-ally! sorbitol (13-9 ¢.) in 
carbon le ocet Fs (60 ¢.c.) was stirred vigorously and cooled whilst a solution of bromine (5-4 g.) in 
carbon tetrachloride (20 cc.) was added during 4 hours, the temperature being kept at -—6° to —8 
Stirring was continued for 15 minutes after al) the bromine had been added. The carbon tetrachloride 
solution was washed with sodium hydrogen carbonate solution (50 ¢ c.), containing sodium thiosulphate 
(0-5 g.), and dried (Na, SO, The solvent was removed by distillation, and the syrup evaporated several 
times with methanol, and ad finally heated at 60°/0-0001 mm. for an howr;, yield of dtbromide, 17-4 
(93%) (Found: Bir, 27-2. C,,H,,O,, Br, requires Br, 27-0%) 

Hepte-acetyl &(2.3-Dimercaptopropy!) Sorbitel--The above dibromide (17 g¢.), potassium 
thiclacetate (§ ¢ ), ethanol (60 cc ), and thiolacetic acid (0-2 cc.) were heated together on the steam-bath 
in a 3-necked flask, fitted with reflux condenser, mercury-sealed stirrer, and nitrogen-inlet tube. Vigorous 
stirring was necessary to prevent violent bumping (caused by precipitated potassium bromide). A 
slow stream of dry nitrogen was passed through the apparatus during the reaction (6 hours); the deep- 
yellow solution was then treated with water (300 cc), and the insoluble oil was isolated by extraction 
with ether The dried (Na,5O,) extracts were evaporated in a stream of nitrogen, and the residual 
syrup was heated to constant weight at 70° 0-000] mm., to give AePta-acety! 6-(2 . 3-dimercaptopropyl) 
soriaiel (16-1 g., 97%) (Pound: 5S, 112. C,.H,,O,,5, requires S, 11-0% Light absorption: max. 
22H 4.. « Te 

Deacttylahon. A solution of the hepta-acetate (15-6 g.) in dry methanol (150 c.c.) was cooled to ca. 

20° and vigorously stirred during addition of methanolic bariam methoxide (62 ¢.c., 1-04n.), air being 
excluded by a slow stream of dry nitrogen. After 25 minutes, a fine yellow precipitate suddenly appeared, 
and after a further 40 minutes it was filtered off in an atmosphere of nitrogen, washed well with methanol 
and with dry ether, and dried under reduced pressure, first over calciom chloride and finally 
over ors axle. The crude barium salt of 6-(2: 3-dimercaptopropyl) sorbitol (8-4 g.) had 
5 im water) (Pound: C, 320; H, 63; S, 11-8; thiol S, 10-7; Ba, 243. Cale for 
C, 245; H, 43; 5, 151; Ba, 33 4%). It formed a fine yellow deliquescent powder, 
wit soluble in water, and was used without further purification for pharmacological tests. The 
ounly tees figures suggest either tenacwus retention of solve nt or incomplete deacetylation; a triacetate, 
C,,H,,O,5,Ba, requires C, 32-7; H, 44; S, 11-7; Ba, 25-0%. The high thiol value, compared with the 
total sulphur content. indicates almost complete dea: otyinti n of the acetylthio-groups, however 

1: 2-3 4-Dimopropylidene 5. 6 Anhydromannitel —| : 2-3: 4-Dissopropylidene mannitol (Wiggins, 
J., 1946, 19) (50 g ) was dissolwed in dry pyridine (100 c. and a solution of toluene-p-sulphonyl chloride 
(38 ¢.) in pyridine (70 cc.) was added, with stirring, dering | hour, the temperature being kept below 
10° by Ke cooling The guxture was set aside overnight and then concentrated under reduced pressure. 
Water and chloroform were added, and the chloroform layer was removed and washed successively with 
dilute hydrochloric acid, water, and sodium hydrogen carbonate solution, and then dried (Na,SO,). This 
solution was cooled to 0° and gradually treated below 5° with a solution of sodium (4-5 g.) in dry methanol 
8 c.c.), after a further 10 minutes at 5°, water was added to dissolve the precipitated sodium toluenc-p- 
sulphonate, the chiwoform layer was removed, and the aqueous portion was extracted once more with 
chloroform. The combined chloroform extracts were washed with water, dried (Na,SO,), and evaporated 
to a syrup Distillation then furnished 1: 2-3 4-dinsopropvlidene 5: 6-anhydromannitol (27 ¢., 63%), 
b. p. 08° 0-003 mm, wf 1.4500 
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.), and 
gave G-allyl 1 : 2-3: 4-dé yi b. p. 140—142°/0-003 mm. aff 14570 
(Pound : C, 50-0; H, #7. oy cement is 7%). 

1-Allyl Manmitol STE 
(50 c.c.)}, Lcoheeiedeaaineiouns bath tar-abeantisaeeiien haloae 
cooled solution was neutralsed with barium 

94%) of l-ally/ mannitol, which could be crystallised in small van 
m. p. 099—10)", (a) + 18° (c, | in water) (Found: C, 48-0; CH, oq Fequires C, 486; H, 
When heated in ethanol for several! minutes it appeared to 4e 3 oui a flocculent precipitate 
being slowly formed 

Penta-acetyl \- Allyl M awnstol._—1- Allyl mannitol (17 g ) was heated on the steam-bath for 2 hours with 
acetic anhydride (70 cc.) and fused sodium acetate (10g.). The solution was concentrated under reduced 
pressure and then stirred with water to decompose any Poem 
chloroform, and the aqueous solution was extracted once more wi extrac 
were washed with water, and with sodium hydrogen carbonate solution, and were then dried (Na,50O,) 
and evaporated to an oil (3! ¢.. 94%), eae show! crystallised Recrystallisation from methanol gave 
needles of epomnennt 1-adlyi enawniteh m. la}? +30° (c, 2-3 in chloroform) (Found : C, 52-4; 
H, 67. CyH,,O,, requires C, 52-7; H, 6 Fa). 

Penta-acetyi 1-(2 : 3-Dibromopropy!l) Mannitol.-The above penta-acetate (30-2 g.) was dissolved in 
carbon tetrachloride (100 c.c.) and treated at 0° with bromine (11 g.), added slowly during 1) hours with 
stirring. Chloroform (20 c.c.) was then added to dissolve a small amount of oil which had separated, and 
the solution was washed with sodium hydrogen carbonate solution and then with sodium hydrogen 
culphite : solution, and finally dried (Na,SO,) and evaporated to a pale syrup (41 ¢.. em. which 

ly of poute-anstyl 1-(2 : 3-dibromopropy!) mannstol (Found: Br, 26-6. ©,,}H,,O,,Br, 
ome Br, 27-4 


%) 

Hepta acetyl 1- -(2 | 3-Dimercaptopropyl) Mannitol.—The dibromide (41 g.) and potassium thiolacetate 
(19 &.) in ethanol (200 c.c.) were heated under reflax for 6 hours and then set aside overnight. Water 
(600 c.c.) was added, most of the aleohol was removed by distillation under reduced pressure, and the 
woduct was extracted with ether. The dried (CaCi,) extracts —_ evaporated to a brown syrup of the 

ae oe (40-5 g., 100%) (Pound : S, 10-6 OygSy Fequires S, 11-00%). 

Deacetylation The hepta-acetate (20 g.) im dry ¢.c.) was treated, as previously described, 
with |-13~-barium methoxide (80 c.c.) and gave a crude — salt (15 g.) (Pound: S, 11-2; thiol S, @4. 
Cale, for C,H,,0,5,Ba : S, 15-1%) 

Divect Aliylation of 1: 2-3: 4-Diisopropylidene Manniiol.—-1 : 2-3: 4 Diisopr: 

(7 g.) in acetone (40 c.c ), sodium hydroxide (10 g.), and water (15 ¢.c.) was treated at 70° 

bromide (4-6 g.) in acetone (10 c.c.) under conditions similar to those described above for | ; - 
ethylidene sorbitol - roduct, isolated by ether-extraction, was distilled, and gave an oil oe 3 g.), 
b. p. 160°/0-007 mm “4570, (alt +14 2° (c, 5 in chloroform), which was a mixture of mono- 

dt becomes tiookd C, 608; H, 86. Cale. forC,,H,.O,: C, 506; H,®7. Cale. for C, HO, 
C, 63-2; H, 7-40%). 

This mixture (5 g.) was hydrolysed by being heated with 3%, aqueous sulphuric acid for 1§ hours, a 
little alcohol being added to eflect dissolution The cooled solution was extracted once with ether to 
remove oily impurities, and the acid was neutralised with barium carbonate (4g.). The barium salts were 
removed by filtration, and the aqueous solution was evaporated under = re from a water-bath 
at 75°. The syrup was taken up in hot ethanol and filtered. Evapora the solvent, and addition 
of ethyl acetate to the residue, gave a solid (2-6 g.), m. p. 50 Se". ‘which on recrystallisation from 
acetone, and ethanol-ethy! acetate, gave I-ally! mannitol, m. p. 98—101°, (a)? +17-6° (c, 0-8 in water), 
identical with that prepared usa the 5 : 6-anh nd 

Evaporation of the mother-hiquors gave a syrup (2-6 g.), which was acetylated by being heated on the 
steam-bath with acetic anhydride (10 c.c.) fused sodium acetate (2 g.) for 4 hours. Excess 
of anhydride was decomposed by stirring the mixture with water (100 c.c.) for 2 hours, and the acetyl 
derivative was isolated by 3 extractions with chloroform. The extracts were washed with sodium 
hydrogen carbonate solution, the washings being extracted twice with fresh chloroform. The 
(Na,SO, ) extracts were evaporated, and the residue was distilled to give a colourless syrup (4-1 g.), b. p. 
140° /0-0001 mm., wf? 1-4534, [a)}f + 24-4° (c, 4 in chloroform) (Found: Ac, 43-8; equiv., from unsaturation 
value with IC}, 158. Calc. for a penta-acetate, ss teat : Ac, 498; equiv., 216. Cale. for 
dially! een CyH,,O,, : 40-0% ; equiv., 107-5) Alter one month, the syrup deposited 
crystals (0-6 g.) p. 30—54", wake were drained on porous tile. Six recrystallisations from light 
petroleum {b B oo 50”) gave penta- acetyl 2-allyl mannitol, m. p. 78—-79", (e)f} 4+ 18-2" (c, 1 in chloroform) 
(Found: C, 520; H, 64. Cy H,,O ey 52-8; H,65%). The material depressed the m. p. of 
ner acety! T- -allyl mannitol (m. p. 63 *) to 54-55" 

Aliylahon of 1: 2-5: 6-Diisopropylidene Mannitol.—1 : 2-5 : 6-Dis lidene mannitol (Baer, Joc. 
cit.) (22-6 g., 0-09 mol) in water (20 c.c.) and acetone (85 c.c.) wast with sodium hydroxide solution 
(32 g. of NaOH im 32 c.c. of water). The mixture, which formed two layers, was vigorously stirred and 
heated in a water-bath at 75° during addition (4 hours) of a solution of allyl bromide (15-1 g., 0-125 mol.) 
inacvtone (0c c.) After working up in the usual way, ether extraction gave an oil, which on distillation 
furnished 3-ellyi 1: 2-5: torn) (Poand mannitol (23 g., 87 b. p. 139°/0-001 mm., 14562, 
(a) +-5-3° (c, 1-0 in chloroform) (Found: C, 599; H, #7. C,, ie requires C, 59-6; H, & > 

3-Allyl Mannitol.—3-Allyl 1 : 2-5 : 6-ctis lidene mannitol (23 g.) was heated with 6% 
sulphuric acid (100 cc.) on the steam-bath 4 hours. The solution was cooled, and ¢ 
with ether to remove oily impurities, and then me with barium carbonate (40 ¢.) and filtered : 





ded in N-sulphuric acid 
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the reskiue was well washed with hot water. The aqueous solution was evaporated under reduced 
preesare from «a water-bath at 75°, and the residue so was dned by evaporation several times 
with ethanol. The semi-solid product (16 ¢.) was dissolved in hot ethanol and filtered from a small 
amount of insoluble maternal. Evaporation of the alcoholic solution until crystals formed.and addition 
of ethyl acetate, gave d-ally!l mannitol (10 g., 59%), m. p. 112-114"; when 7 me ag from ethanol- 
ethyl! acetate it awnnes hard rosettes, mp 117°, ia + 15-3° (c, 1-0 in water) (Found , #3; H, & 2. 
= tor C,H, 0, 486; H,&2%). Wrigley and Yanovsky (lec. cit.) give m. p 1s. -120° (corr.), 
+188 fe On on water) Evaporation of the mother-hquors gave a p (45 ¢.) 

mite o, 3- Aliyi Mannitol ——3- Ally! mannitol (9-5 g.), acetic anhy (38 «.c.), and fused sodium 
acetate (4-25 g ) were heated together om the steam-bath for 24 hours. Most of the excess anhydride 
was removed by distillation under reduced pressure, and the remdue was stirred with water for 3) minutes. 
The insoluble syrup was taken up in chlorotorm (5 = 50 c.c.), and the extracts were washed with sodium 
hydrogen carbonate solut h being extracted twice more with chloroform. The combined 
extracts were ne (Na,SO,) os evaporated under reduced pressure to yield penta-acetyi 3-aliyi mannstoi 
(184 g., 100%), which distilled as a colourless oil, b. p. 120-—150" (bath) /0-001 mm., #ff 1-4532, [elf 
+333" ic. 3m  hdenehennat (Pound : C, 52-4; H, 64; Ac, 51-0; equiv., by IC] titration, 214. C,.H,,O,, 
requires C, 62-8; H,@5: Ac, 40-4; equiv., 216) 

Penta-acetyl 3-(2 | 3-Dibromopropy!) Mannitol —-A solution of penta-acetyl 3-ally] mannitol (2-2 g.) 
in carbon tetrachloride (15 ¢.c.) was treated with bromine (0-85 g.) in carbon tetrachloride (15 ¢.c.), added 
with vigorous stirring during 2 hours, the temperature being kept below 0°. The solution was then 
shaken with aqueous sodium thiceulphate, dred (Na,S0O,), and evaporated, to yield penta-acetyl 
3-(3:3 oe pene mannitol as a syrup (2-5 g., 04%) ” alt 1-4704 (Found: Br, 27-4. CyH,,0,, Br, 
requires Br, 27.0% 

Treatment of be dibromide with potassium thiolacetate in the usual way, followed by deacetylation 
of the liquid bisthiolacetate with barium methoxide, gave the crude barium salt of the dithiol as a pale 
yellow powder, readily soluble in water. The analysis was typical of this type of compound (Found : 
S, 11-4: thiol 5S, 10-1, Ba, 261. Cale. for C,H,,O,5,Ba: 5, 15-15; Ba, 32-4%) 

Aliyiation of 1: 4-3: 6- Dianhydromanntiol (a) A mixture of 1 : 4-3: 6-dianhydromannitol (Wiggins, 
J, 1945, 5; Bladon aad Owen, preceding paper) (14-6 ¢., 0-1 mol.), acetone (100 c.c.), sodium hydroxide 
(36 g.), and water (70 cc.) was treated at 60—70° with a solution of allyl bromide (15-1 g., 0-125 mol.) in 
acetone (30 cc.) during |§ hours with vigorous starring. Heating and stirring were continued for a further 
2 hours, and the product was then isolated as previously described, giving an oil (4-2 g.), b. p. 160° /10 mm., 
wf 1-4850 (Found : equiv., by IC! titration, Cale. for dially! derivative, C,,H,,O,: equiv., 56-5). 

The aqueous solution from the ether-extraction was evaporated to dryness under reduced pressure, 
and the solid residue was extracted with chloroform (Soxhlet), Evaporation of the dried (Na,SO,) 
extracts gave unchanged | : 4-3: 6-dianhydromannitol (8 g.), m. p. and mixed m. p. 83-85", after 
recrystallisation from ethy! acetate 

(6) A mixtere of 1: 4-3: 6-dianhydromannitol (29-2 g., 0-2 mol.), dioxan (100 ¢.c.), sodium hydroxide 
(72 «.), and water (92 cc.) was similarly treated at 70° with allyl bromide (30 g., 0-25 mol.) in dioxan 

30 cc), and gave a product (145 g.), b. p. 146°/16 mm., at 14802, “iP +157" (ec, 2 in chloroform), 
which also consisted largely of 2: 5<lully!l 3 y ° 6-dianhydromannitol (Found C, 626; H, #2; 
equiv., by ICi titration, 506. Calc. for C,,H oe] C, 63-7; H, $0% + 7. 56-5). Gregory and 
Wiggins (]., 1947, 1405) give b. p. 173° 10 mm. nf} 14847, oe + 160° (c, 1-5 in chloroform) 
Sodium (46 ¢ . O2 atom), in small pieces, was added to a solution of 1 : 4-3 : 6-dianhydromannitol 
(20-2 ¢., @2 mol) ia liquid ammonia (500 cc.) contained in a 1-1. flask. The sodium dissolved with 
evolution of bydrogen = After | hour, the small amount of undissolved sodium was removed, the ammonia 
was boiled off on the steam-bath, and the residual solid was heated under reduced pressure to remove 
the last traces of ammonia. The fine white powder was transferred to a 500-c.c. flask, fitted with a 
mercory-sealed stirrer and reflux condenser, and was heated on the steam-bath with dry benzene (100 c.c_) 
and allyl bromide (50 ¢.) for 22 hours, with stirring, a further 25 ¢ of allyl bromide being added after 
12 hours. The reaction mixture was treated with water (200 ¢.c.), the benzene layer was separated, 
and the aqueous solution was acidified with hydrochloric acid and continuously extracted with ether for 
I2hours. The benzene and the ether extracts were dried (Na,SO,) and evaporated, yielding oils weighing, 
teapectively, 10-75 ¢ and I3-l ¢« Listillation of the combined oils gave a main fraction (20-5 g.), b 
107.115" | mm, wf 1-4901 (Pound : equiv., by ICI titration, 77; corresponding to a mixture containing 
a. 45% of monoallyl derivative 
This mixture (20 ¢.) was heated under reflux with phthalic anhydride (16-8 g.) and dry pyridine 
M)<c) for 23 hours. The excess of pyridine was removed by distillation under reduced pressure, and 
the resxive was taken up in chioreform (100 c.c.) and washed successively with 2n-hydrochloric acid, 
water, 2n-exiiam carbonate, and water The chloroform solution was dned (Na,S¢ »,) and evaporated 
to a mobile hquid (7-1 ¢.), which on distillation gave 2: 5-ciallyl | : 4-3 : 6-dianhydromannitol (6-3 g.), 
b. p. 87--80° 0-05 mm., «ff 11-4842, af ide 1-7 in chloroform), (a )} 141° (c, 5-7 im chloroform) 
(Pound C, 63-6; H, #0, equiv, by IC) titration, 57-4 Calc. for C,,H,,0,: C, 63-7; H, 80%; equiv., 

The acid washings of the chloroform solution were discarded The sodium carbonate extracts and the 
final water-washing were acidified to Congo-red with hydrochloric acid and extracted 4 times with 
chloroform (100« portions The extracts were washed once with water, dried (Na,SO,), and 
evaporated to & very viscous syrup (23-1 ¢), which solidified on being stirred with ether. The solid 

16-9 ¢), m p. 105-110", was filtered off, and a portion was recrystallised 4 times from ethy! acetate 
with charceal) to give hard prisms of 2-elly/ |. 4-3: 6-dianhydromannitol 5-(hydrogen phthalate), m. p 
110°, (af + 80 0&9 in chloroform) (Found: C, 6106; H,57. C,,H,,O, requires C, 61-05; H, 5-4%). 
The rotation in 2n-eocdium hydroxide, (a ff + (8), was unchanged after 12 hours at room temper- 
ature, showing that the ester was not apprex abs ty hydrolysed under these conditions 

2-Allyi 1: 46-3: 6 Dianbydromannitol The foregoing hydrogen phthalate (16-8 g.) was boiled under 
reflux with sodium hydroxide (6-5 ¢.) im water (10 « for 2 hours, and then heated for a further 6 hours 
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on the steam-bath. The solution, diluted with water (50 c.c.) and treated with sodium hydrogen 
carbonate (4g), was exhaustively extracted with ether (12 hours). The dried (Na,5SO,) extracts yielded, 
on evaporation, an ail (93 g.), which on distillation furnished 2-aliy/ | : 4-3 . 6-dianhydromannitol (8-1 g., 
86%) as a colourless mobile liquid, b. p. 85°/0-01 mm., 1-4920, (a) +113° (¢, 22 in chloroform) 
(Found : C, 580; H, 7-7; equiv., by IC] titration, 93. C,H,,O, requires C, 56-05; H,7-6%; equiv., 93) 

5-Acetyl 2-Allyl 1: 4-3: 6-Dianhydromannifol.—2-Allyl :) 4-3 : 6-dianhydromannitel (8 g.), acetic 
anhydride (25 c.c.), and fused sodium acetate (2-6 g.) were heated together on the steam-bath overnight 
The mixture was shaken with water (50 c.c.) until the excess of anhydride was destroyed, and the product 
was isolated by 4 extractions with chloroform. The extracts were washed with sodiom hydrogen 
carbonate solution, dried (Na,SO,), and evaporated, to give an oil (9-3 ¢.) which on distillation yielded 
5-acetyl 2-allyl 1: 4-3 : 6-dianhydromannitol as a colourless mobile liquid (7-7 g., 82%), b. p. 92-03" /v-01 
mm., #f? 1-4769, (a)? + 185-6° (c, 2-5 in chloroform) (Found: C, 581; H, 69; equiv., by ICI titration, 
1145. C,,H,,O, requires C, 57-0; H, 71%; equiv., 114) 

5- Acety) 22 3-Dibromopropyl) 1: 4-3 : 6-Dianhydromannitol.—4-Acetyl allyl § |: 43: 6-di- 
anhydromannitol (7-4 g.) in carbon tetrachloride (80 c.c.) was treated with bromine (6 g.) in the same 
solvent (30 c.c.), added with cooling and stirring during 4 hour, the temperature being kept below — 20° 
The solution was allowed to warm to room temperature and was diluted with chloroform (40 c.c.) and 
stirred for a further 20 minutes in order to dissolve some viscid material which had separated. The 
solution was then washed with sodium hydrogen carbonate solution (50 «.c.) containing sodium 
thiosulphate (1 g.), then dried (Na,SO,) and evaporated. The viscous syrup (11-6 ¢., 92%) on distillation 
from a wide-necked retort gave 5-erefy! 2-(2 eae eee 1: 4-3 : 6-dianhydromannifol (9-3 ¢.). 

+116" (¢, 2-3 im chloroform) (Found: C, 341; 


extractions with ether. The extracts were dried (Na,SO,) and evaporated, and the product on distillation 
gave friacetyl 2-(2 : 3-dimercaptopropyl) 1: 4-3 : 6-dtanhydromanniiol (6-2 g), b 170-180 (air-bath) 
60-0001 mm., sf 1-5286, [a)}? + 133° (c, 2-0 in chloroform) (Found: C, 46-8; H, 5-7; $,16-7. C,,H,.O,S, 
requires C, 474; H, 5-0; 5, 170%). Light absorption: max. 23104. ¢ = 8300 

Deacetylation. The bisthiolacetate (5-2 g.) was heated under reflux with 2% methanolic hydrogen 
chloride (50 ¢.c.) for 4 hours under nitrogen. During this time, a brilliant purple colour appeared in the 
solution, reached a maximum intensity after 2 hours, and then faded, so that it had almost disa 
after 4 hours. The solvent was removed by distillation under reduced pressure and the residual syrup 
was kept for several hours over solid potassium hydroxide, under reduced pressure. On distillation from 
a retort, it gave, with slight decomposition, 2-(2: 3-dimercaptopropy!) 1 : 4-3 : 6-dianhydromannitol 
(2-0 g., 83%), as a yellow, viscous, cloudy liquid. b. p. 150° (air-bath) 0-0001 mm., 1-5492, (aff +84" 
(¢, 2-3 in chloroform) (Found: §, 22-7; thiol S, 21-4. C,H,,O,5, requires 5, 25-4% It was readily 
soluble in water 

Allylation of 1 : 4-3 : 6-Dianhydrosorbitol._(a) Under conditions similar to those used for the direct 
allylation of 1 | 4-3 : 6-dianhydromannitol in acetone solution, | : 4-3 : 6-dianhydrosorbitol (14-6 g.) and 
ally! bromide (15-1 g.) gave an oil (2:1 g.), b. p. 90°/0-1 mm., nj? 1-4818 (Pound - equiv.. by ICI titration, 
58), consisting mainly of diallyl derivative. Unchanged dianhydrosorbitol (7 g.) was recovered 

(b) 1: 43: 6-Dianhydrosorbitol (14-6 ¢.. @1 mol.) was converted into the sodium derivative by 
reaction with sodium (2-3 g., 0-1 atom) in liquid ammonia. The dried salt was then treated with allyl 
bromide (25 g.) in boiling benzene (50 c.c.) as previously described, and the product (9-3 g¢.), on distillation, 
gave a mixture of the mono- and di-ally! derivatives, b. p. 100° /0-5 mm_, aff 1-4850 (Found wiv., by ICI 
titration, 72), which was heated with phthalic anhydride (7-15 g.) in dry pyridine (20 c.c.) as before 
There were obtained 2 : 5-diallyl | : 4-3 : 6-dianhydrosorbitol (3-6 g.), b. p. 00°/0-1 mm., wif 1-4804, 
a)? +99° (c, 48 in chloroform) (Found: C, 63-8; H, 79; equiv., by ICi titration, 57. Cale 
for Cy,H,,O,: C, 63-7; H, 80%; equiv., 56-5), and allyl 1 : 4-3 : 6-dianhydrosorbitol hydrogen phthalate, 
a dark brown glass (probably a mixture of isomers) (9-3 g.) which failed to yield any crystalline salts 
Found: equiv., by alkali titration, 313-5. Calc. for C,,H,,O,: equiv., 334). Gregory and Wiggins 
(loc. cit.) for 2: 5-diallyl 1 : 4-3 : 6-dianhydrosorbitol give b. p. 185°/40 mm., af} 1-4812, [a +-93-4" 
(¢, 1-8 in chloroform). 

The allyl | : 4-3 : 6-dianhydrosorbitol hydrogen phthalate (8-7 g.) was boiled under reflux with a 
solution of sodium hydroxide (2-7 g.) in water (11 ¢.c.) for 2 hours. The mixture was then diluted with 
water (30 c.c.), sodium hydrogen carbonate (2 g.) was added, and the liquid was continuously extracted 
with ether for 40 hours. The extracts were dried (Na,5O,) and evaporated to an oil (3-35 g., 70%), 
which was distilled, and gave allyl | ; 4-3 : 6-dianhydrosorbitol as a colourless mobile liquid, b. p. 87-— 
90° /0-05 mm., nf} 1-4891, (a)? +15-1° (c, 2-5 im chloroform) (Found ; C, 58-1; H, 7-75, equiv., by ICI 
titration, 97. Cale. for C,H,,O,: C, 58-05; H, 7-6%; equiv., 93-1). 


On acetylation, by the method previously described, using acetic anhydride and sodium acetate, it 
gave acetyl allyl | : 4-3 : 6-dianhydrosorbitol, b. p. 160° 6 mm., 1-4730, (a)f + 115° (c, 2 in chloroform) 
(Found: C, 57-65; H, 70. Cale. for C,,HyO,: C, 570; H, 7-1%) 

These substances were probably mixtures of the 2- and the 5-allyl compound 
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113. Dithiols. Part VII. 5: 6-Sorbitoleen and 1 : 2-Mannitoleen 
as Intermediates for the Preparation of Dithiols.* 


By Prerer Brapow and L. N. Owen. 


Hy the action of sodium iodide, in acetone solution, on 5: 6-ditosyl or 5. 6-dimecthane 
sulphonyl 1° 3-2) 4-diethylideme sorbitol, 1: 3-2: 4-diethylidene 5: G-corbifoleen is obtained 
(ef. Hann, News, and Hudson, |. Amer. Chem. Soc, 1944, @@ 73); similarly 5 : 6-dimethane 
sulphony!l 23 &-dimopropyldene mannitol gives |. 2-3: 4-diisopropylidene 5 : 6-mannitoicen 
Removal of the protecting growps by acid hydrolysis then yields 5: 6-sorbitoleen and 
1 2mannitoleen Acetylation, followed by addition of bromine and reaction of the dibromides 
with potassium thiclacetate, gives the hexa-acety!l 5: 6-<ithiohexitols as mixtures of 
stereomomens 

Additica of hypobromous acid to the tetra-acetates of 5 6-sorbitoleen and | 2-mannitoleen, 
followed by reaction with saltum acetate, gives hexa-acety! L-iditol and hexa-acety! D- sorbitol 
respectively, and thus provides a new method for the interconvermon of hexitols 


Exreximents directed towards the synthesis of hydroxy-dithiols of the general formula 
HO-CHy(CH(OH)), -CH(SH)-CHySH have been described where » = 0 (Stocken, J., 1947, 592), 
and where » « | and 2 (Evans, Fraser, and Owen, /., 1949, 248). For the synthesis of the 
corresponding compound where » = 3, an unsaturated alcohol HO-CH,(CH(OH)),-CH{CH, 
was required, and our attention was therefore directed towards the preparation of the hexito! 
derivatives, } : 2-mannitoleen and 5: 6-sorbitoleen 

It has been known for some time that there are exceptions to Oldham and Rutherford’s rule 
(J. Amer. Chem. Soc, 1932, 54, 366) in that secondary toluene-p-sulphony! derivatives in the 
carbohydrate field will, in certain cases, react with sodium iodide in acetone solution. For 
example, both the tosyloxy-groups in 2: 5-ditosy! 1: 4-3: 6-dianhydromannitol (Hockett, 
Fletcher, Goepp, and Sheffield, sbid., 1946, 68, 930), and one in 2 : 5-ditosyl 1 : 4-3 : 6-dianhydro- 
sorbitol (sdem, siid., p. 027) react with the reagent at 120° (see also Folkers ¢f al., thid., 1948, 
70, 2325; Tipson, Clapp, and Cretcher, J, Org. Chem., 1947, 12, 133). Of particular interest is 
the behaviour of vicinal tosyloxy-groups; Levene and Mehitretter (Enzymologia, 1937, 4, ii, 232 
found that when tritosy! glycerol was heated with sodium iodide in acetone all the groups were 
displaced, with the formation of an unsaturated compound, free iodine, and sodium toluene-p- 
sulphonate. Similar results were obtained by using tetratosy! erythritol (Tipson and Cretcher, 
J. Org. Chem., 1943, 8, 95), and in this case the unsaturated product was butadiene. More 
recently, Karrer, Schick, and Schwyzer (Helv. Chim. Acta, 1948, 81, 784) have shown that the 
ditosy| derivatives of glyceraldehyde and of its acetal give acraldehyde. 

In the hexitol series, a similar reaction was first observed by Hann, Ness, and Hudson 
(lee, cit.), who briefly reported that heating of 5 : 6-ditosyl 1 : 2-3 ; 4-dibenzylidene sorbitol with 
sodium iodide in acetone at 100° resulted in precipitation of sodium toluene-p-sulphonate, 
liberation of iodine, and formation of | : 2-3: 4-dibenzylidene 5: 6-sorbitoleen, At the time 
of this publication, the exact nature of the linking of the benzylidene residues in the parent 
compound was uncertain, but in view of later work (Angyal and Lawler, ]. Amer. Chem. Soc., 
1944, 66, 837) the unsaturated compound must be formulated as 1 : 3-2: 4-cibenzylidene 
5 : 6-eorbitoleen (1) 


The first stage in the reaction is undoubtedly the replacement of the primary tosyloxy-group 
by iodine, It is possible that the resulting intermediate product, containing a secondary 
tosyloxy-group and an iodine atom on adjacent carbon atoms, is unstable and breaks down 
directly to the unsaturated compound, more probably, however, the secondary tosy loxy-group 
in this intermediate undergoes replacement to form the vicinal di-iodide, a type of compound 
which is known to be unstable, and which then loses jodine in the usual way 


R-CH(OTs) CH,OTs —» R-CH(OTs)-CH,1 —> R-CHI-CH,1 —> R-CHICH, 


In utilming this reaction for the preparation of 5: 6-sorbitoleen, 1 : 3-2 : 4-diethylidene 
sorbitol was converted into 5: 6-ditosy! 1: 3-2 : 4-diethylidene sorbitol (11) (Wiggins, /., 1946, 
388; Sullivan, /. Amer. Chem. Soc., 1945, 67, 837), which reacted readily with sodium iodide in 
acetone at 100° and gave |: 3-2: 4-diethylidene 5: 6-sorbitoleen (111); the same product was 
also obtained from 5: 6-dimethanesulphonyl 1: 3-2 : 4-diethylidene sorbitol under the same 
conditions. Removal of the ethylidene residues from (III) by acid hydrolysis gave 
5: 6-sorbifoleen (TV) as a viscous liquid which could be distilled in high vacuum without 
decomposition; the overall yield from ditosy!l diethylidene sorbitol was 70-80%. On 


* A preliminary note on part of this work appeared in Nature, 1949, 163, 140 
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acetylation, with acetic anhydride and sodium acetate, it gave crystalline icfra-acetyl 5: 6- 
sorbitoleen (V), which took up bromine in carbon tetrachloride solution and gave a dibromide, 
which partly crystallised. 

The addition of bromine to (V) can theoretically give two products, (VI) and (VII), and the 
solid isomer must correspond to one of these formule, the other being present in the liquid 
portion. There is, however, no means of deciding which formula should be allocated to a 
particular isomer. The liquid and the crystalline substance were separately treated with 
potassium thiolacetate in boiliag ethanol; both yielded syrups, but that derived from the 
crystalline dibromide slowly deposited a solid Aexa-acetyl 5: 6-dithioherstol, (VILI) or (IX). 
In the reaction of the dibromides with potassium thiolacetate, partial epimerisation occurs on 
C.y; the solid product, therefore, does not necessarily possess the same (unknown) configuration 
as the crystalline dibromide. Deacetylation of the combined thiolacetate syrups with 
methanolic barium methoxide gave a crude barium salt of the 5 : 6-dithiohexitol (X). 
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Several other reactions were carried out on derivatives of 5: 6-sorbitoleen. Hydrogenation 
of 1: 3-2: 4-diethylidene 5 : 6-sorbitoleen (III) over Raney nickel gave 1 : 3-2 : 4-diethylidene 
5 : 6-dideoxysorbitol (X1), from which 5 : 6-dideorysorbitol (XII) (tetra-acetate) was obtained 
by acid hydrolysis. Ozonolysis of tetra-acetyl 5: 6-sorbitoleen (V) afforded a small yield of 
tetra-acety! aldehydo-L-xylose (XIII) (cf. Major and Cook, J. Amer. Chem. Soc., 1936, 68, 2474; 
Wolfrom ef al., ibid., 1931, 53, 4379; 1944, 66, 204). It was also possible to convert (V) into 
hexa-acetyl L-iditol; reaction of the unsaturated compound with N-bromosuccinimide in water 
and ether (a convenient source of hypobromous acid; see Raphael, /., 1949, 5 44) gave a non- 
crystalline bromohydrin of uncertain structure, and probably consisting of a mixture of isomers, 
This, on being heated with sodium acetate in acetic anhydride and acetic acid, gave a syrup 
from which hexa-acety] L-iditol (XIV) was obtained in crystalline form; the yield was low, but 
no evidence was found of the presence of hexa-acety! sorbitol (XV), the other possible product. 
Hexa-acety] L-iditol was also obtained by treatment of the crystalline tetra-acety! sorbitoleen 
dibromide, (VI) or (VII), with potassium acetate; this, however, does not prove the 
configuration of the original dibromide. 

For the preparation of 1 ; 2-mannitoleen and its derivatives the starting material was 
1: 2-3: 4-ditsopropylidene mannitol (Wiggins, J., 1946, 13). Treatment with methane- 
sulphonyl chloride in pyridine gave crystalline 5 : 6-dimeth iphonyl 1: 2-3: 4-diiso- 
propylidene mannitol (XVI); the corresponding 5 : 6-difosyl compound was a liquid. When 
(XVI) was heated in acetone solution with sodium iodide, it gave 1 : 2-3 : 4-diisopropylidene 
5: 6-manniloleen (XVII) as a mobile liquid. In the distillation of the crude reaction product, 
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free ikxtine was liberated, indicating the presence of an iodine-containing compound, 
comparatively stable at moderate temperatures, but broken down when more strongly heated. 
Furthermore, from the non-volatile residue a smal] quantity of a water-soluble solid was 
obtained, which was identified as 1: 2(or 5: 6)-mannitoleen (XVIII). The mechanism of the 
formation of this compound, which involves the loss of the isopropylidene residues, is obscure ; 
it appears that it must be produced during the distillation, since it is practically insoluble in 
chloroform and would not have been extracted from aqueous solution by this solvent during 
the working-up process. It was obtained in good yield from the dissopropylidene compound 
by acid hydrolysis, the overall yield from the dimethanesulphony! derivative being 45°, 
Acetylation of 1: 2-mannitoleen gave the crystalline tetra-acetate, which reacted with 
bromine in carbon tetrachloride to give a solid dibromide, which was separated by fractional 
crystallisation into two isomers, m. p.s 111—112° and 76 The optical rotations of these were 
almost identical, which suggested that they were polymorphic forms of the same substance, 
but a mixture of them melted over the range between their individual m. p.s and it was not 
possible to convert one form into the other. They must therefore be the structural isomers 
(XIX) and (XX), although there is no means of deciding the individual allocation of 
formula 
Treatment of both dibromikies with potassium thiolacetate in boiling ethanol gave the 
hexa-acety! 5 ; 6-dithiobexitols, presumably mixtures of (XXI) and (XXII) 
letra-acety! | | 2-mannitoleen reacted with hypobromous acid to give a liquid bromohydrin, 
which on treatment with sodium acetate gave hexa-acety! D-sorbitol (XV none of the other 
possible product (hexa-acety! D-mannitol) was encountered 
Unsuccessful attempts were made to prepare an unsaturated compound from 3 4-ditosyl 
1: 2-5: 6-diisopropylidene mannitol and from 3: 4-dimethanesulphonyl 1: 2-5: 6-diiso 
propylidene manmiol (XXIII). When these compounds were heated with sodium iodide in 
acetone at 110°, the sodium sulphonate was obtained in theoretical yield, and iodine was 
liberated, but none of the expected material could be isolated. Possibly the isepropylidene 
residues were eliminated during the reaction 
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Since the completion of this work, Karrer and Davis (Mele. Chim. Acta, 1948, 31, 1611) 
have reported experiments on the preparation f 1:2-mannitoleen from 1 : 2-3: 4-diiso- 
propylidene mannitol by a method similar to that described above. Their results (with the 
ditosy! compound), however, differ in some respects from those obtained by us with the 
dimethanesu!l phony! derivative They found that treatment with sodium iodide in acetone 
gave 1: 2-mannitoleen directly, and they failed to isolate the di:sopropylidene compound, 
which was the main product in iments. Furthermore, the direct yield from the 
ditosy! ditsepropylidene t Litol ily hal e overall yield obtained from the dimethane- 
sulphonate 

XPERIMENTA 


oe @ it ae! 


2. 4-Detaylidene S thud 1. 3-2. 4-Deethyiidene sortutol (Biadon and Owen 
preceding paper) (47 g.) in dry pyridine (250 « was treated with a solution of toluene-p-sulphonyl 
chiorule (80 ¢. 2-1 mots.) in pyridine (160 cc.) with cooling, and then set aside at room temperature for 
21 hours Addition of water (1500 c« precipitated a solid, which was washed with water and with 


ethanol. This ditosy! derivative (45 ¢.), m. p. 160--i170°, was sufficiently pure for most purposes; 
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ee to 170—172", (elf —12-0* (¢, 1-7 in 
2d art cg ou.) gives m. p. 172° 


Somat Ba: 3-2 : 4-Diethylidene sorbitol (47 ¢.) 

chioride (5-8 g¢.) in dry pyridine (12 cc.) 
Ee eS ee with water, which tated a viscid oil. 
a portion crystallised on trituration with oe a a 


aiptenaly SS), 9. Ss . (a) oF te et ek ran) (Found : cate, wes: $, 163. 

wl,y,O requires C, 36-9; H, 5-7; 

1: 3-2: 4-Diethylidene 5 ¢-Sertticinnn--4 The diem com nd (41 g.), anhydrous sodium iodide 
(90 g.), and pure acetone (600 cc.) were heated in a re at 100° for 6 hours. The precipitated 
sodium tolu iphonate (29-5 g., 100%) was off from the cooled reaction product, and well 
washed with cold acetone The dark brown filtrate was evaporated to small bulk, and the residue was 
shaken SS 0 ee Se Sa (37-5 g.) in water (250 c.c.) to remove free iodine. The 
solution was then extracted with chloroform (4 x 50 ¢.c.); evaporation of the dried (Na,5O,) extracts 
gave a solid residue (iss. ), which on —— from ethyl acetate gave needles (10-9 g , 73%) of 
1: 3-2: 4-diethylidene 5 : 6-sorbitolern, . 120-—122", a. Cod, recrystallisation to 122° 133", 
(olf —23-8° (c, 1-1 in chloroform) (Found : C, 4; H, 70 , Tequires C, 60-05; H, 81%). 

(ii) Similar treatment of 5: 6-d 11:32 cnet sorbitol (1-05 g.) with 
sodium iodide (6-0 g.) in acetone (40 c.c. ° for Soren y at 100° gave m methanesulphonate (1-6 g., 
100%), and, from the chloroform extracts, 1 : 3-2: 4-diethylidene 5 : 6-sorbitoleen (1-4) g.), which on 
recrystallisation from ethy! acetate formed needles (0-6 g.), m. p. 122-—124" 

5 : 6-Sorbitoleen.—1 : 3-2: 4-Diethylidene 5 : 6-sorbitoleen (15 g.) was heated with n-sulphuric acid 
(10 «.c.) and water (20 c.c.) at 100° for 11 hours under nitrogen. The cooled solution was then 
extracted once with ether to remove a small amount of oily impurity, and neutralised by the addition of 
a slight excess of bariam hydroxide solution, followed by treatment with carbon dioxide. After being 
heated, to assist coagulation of the barium sulphate, it was filtered, the solid being well washed with 
hot water. Evaporation of the filtrate under reduced pressure gave a syrup, which was taken up in hot 
ethanol (50 c.c.), treated with charcoal, filtered, and evaporated to yield 5 : 6-sorbitolcen (10-8 ¢.), a small 
portion of which was distilled at 100--130° (air-bath) /0-0001 mm. ; “e 15068, (a)? +19-8° (c, 3-8 in 
water) (Found: C, 48-5; H, #3 CoH Oe requires C, 48-6; H, #2° 

Tetra-acetyl 5 : 6-Sortitoleen.—5 : 6-Sorbitoleen (7-4 g.) was heat with acetic anhydride (40 cc.) 
and fused sodium acetate (5 g.) for 9 hours on the steam-bath. The solution was then poured into cold 
water (400 cc.) and well stirred to decompose the excess of acetic anhydride. The tetre-acetate separated 
as a white solid (12-5 g., 80%), which was collected and recrystallised from aqueous methanol; it formed 
small prisms, m. p. 57-68-56", (a)}t —13-6° (c, t-2 in chloroform) (Found: C, 52-8; H, @2. C,,HO, 
requires C, 53-15; H, 6-4%) Extraction of the aqueous solution with chloroform gave a 
further quantity (2-6 g.) of the same ma 








terial. 

Reaction of Tetra-acetyl 5 : 6-Sorbitoleen with Bromine.-A solution of bromine (8-8 ¢.) in carbon 
tetrachloride (40 c.c.) was added to a well-stirred and cooled solution of the tetra-acetate (15-8 ¢.) in 
the same solvent (150 c.c.), the temperature being kept at ca. 15° during the addition (2 hours) and for a 
further hour. A small quantity of solid which had separated was taken into solution by addition of a 
little chloroform, and the solution was washed with sodium hydrogen carbonate containing some sodium 
thiosulphate, and then with water, dried (Na,SO,), and evaporated to a date te (25-7 ¢.). This was dissolved 
in warm ethanol (50 c.c.) and cooled to 0°, whereupon a solid crystallised. After being kept at 0° 


for 12 hours, it was collected and washed with ethanol (yield, 12-1 g. ; 135-145"); recrystallisation 
from acetone gave small prisms of the dibromide, m. p. 152—- 154", fa 21-4" (c, 1-3 in chloroform) 
(Found : C, 35-5; H, 44; Br, 33-3. C,,H,O,Br, requires C, 35-3; H, 42; Br, 33-6%) 

Evaporation of the ethanolic filtrate gave a syrup (10-4 ¢), fa! ? +7-6° (¢, 12 in chloroform), which 
contained the stereoisomeric dibromide (Found : Br, 32-60%) 

Hexa-acetyl 5: 6-Dithtohexttol —{a) The crystal'ine dibromide (11-0 g.) and potassium thiclacetate 
(6-8 g.) were heated under reflux in ethanol (125¢.c.) for 7 hours. Water (250 ¢.c.) was then added, and 
the mixture was extracted with ether. Eva tion of the dried (Na,SO,) extracts gave a red syrup, 
which partly crystallised when kept for a week. The solid (3-5 ¢.; m. p. 86-87") was freed from oil by 
trituration with cold methanol; rec Hisation from methanol then gave flat needles of the Aexa-acetyl 
5 : 6-dithioheritel, m. p. 87-89", +49-4° (c, 2-8 in chloroform) (Found: C, 46-6; H, 5-0; 8, 13-6 
CygH yO 5, requires C, 46-3; H, re) S, 13-7%). Light absorption: max. 2300 a., « ~ 7000 

(b) The liquid dibromide (9-8 g.), “pre thiolacetate (5-7 g.), thiolacetic acid (0-3 ¢.c.), and ethanol 
(40 .c.) were heated under reflux for 6 hours. The product, isolated as described above, failed to 
crystallise, and was distilled, to yield the hexa-acetyl dithiohexitol (7-8 ¢.), b 140-—160° 0-001 mm., 
nf? 1-4895, [a)f' —17-8° (¢, 1-5 in chloroform) (Found : C, 47-4; H, 5-8; 5, 13-45%). Light absorption 
max. 2200 a., ¢ ~ SOOO. 

Deacetylaion. The syrupy hexa-acetate (21-3 g.) was dissolved in methanol (250 «.c.) and treated 
at 20° with 1-07~x-methanolic barium methoxide (103 c.c.), air being excluded. The temperature 
was then allowed to rise to 0°, and stirring continued for a further 45 minutes. The precipitated barium 
salt was collected, washed with methanol and with ether, and dried ee reduced pressure over calcium 
chloride and "7 over phosphoric oxide; yield, 03 g. (Found 286: H, 54; S, 17-6; thiol S, 
10-8; Ba, 26-4 CoH se 5,Ba requires C, 20-6; H, 3-5; S, 18-4; Be, 39-3%). The analysis, as usual 
with these compounds, indicated considerable contamination with other products; earher work has 
shown that the deacetylation of acetylated polyhydroxy-dithiols does not proceed smoothly (cf. Part I11, 
].. 1949, 248; Part VI, preceding paper) 

1: 3-2: 4-Diethylidene 5 : 6- oxysorbitol.——1 : 3-2 : 4-Diethylidene 5 : 6-sorbitoleen (3 g.) in ethy! 
acetate (35 c.c.) was hydrogenated at ordinary temperature pressure over Raney nickel catalyst , 
the filtered solution was then evaporated to a solid residue (3 g.), m. p. 64—86". Kecrystallisation from 
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light petroleum (b p. 60-80") gave 1: 3-2 ¢-dicthylidene 5 : 6-dideoxysorbitol, m 8586", [ah 
+7 (¢, 1-7 im chloroform) (Found: C, 5055; H, #6 C,H,,O, requires C, 59-4; H, 90%) 

5 6 Indoosysortitel —-The diethy lidene compound (3 g.) was heated on the steam- bath for 7 hours 
under reflux with methanol (5 ¢.c.) and 0-45s-sulpheric acid (10 cc.)| The cooled solution was extracted 
once with ether to remove a trace of oil, and was heated and treated with a slight excess of barium 
hydroxide solution, the excess then being removed with carbon dioxide. The bariwm salts were removed 
by filtration, and well washed with hot water, evaporation of the filtrate under reduced re gave 
a syrup, which was dissolved in warm methanol, filtertd, and r~ ev ated to give 5 S-dideonyosbitel 
(22 ¢.). A emall portion, distilled at 150-—160"(bath) 0-000 a. tod aff 1-4825, [aff +5-7° (c, 20 
in water) (Pound: ©, 47-5, H,@5 C,H,.O, requires C, 48-0 "HL 4%) 

Acetylation of 5  6-dideoxysorbitol (1:7 g.) with acetic anhydride wT c.¢.) and sodium acetate 

i g.) at 100° for 12 hours, gave ttra-acetyl 5 . 6-didsowysorbitol (3-7 g.), b. p. 100-—120°/0-0001 mm., 

: 4415, (aif +63" (6, 26 in chloroform) (Pound: C, 630: H, 73. CHO, requires C, 52-8; 

2%) 

Tetra-acetyl aldehydo-t-X ylose —Tetra-acetyl 5 : 6-sortitoleen (0-5 g.) in ethyl acetate (10 ¢ c.) was 
treated with a stream of czonmed oxygen at y until no more ozone was absorbed. The solution was 
then shaken with hydrogen, in the presence of Raney mickel (1-5 g.), until no more was absorbed and 
evaporated under reduced pressure to an oil, which crystallised on the addition of light petroleum 
(b 40-00"). Recrystallmation from dry ether gave tetra-acetyl aldchydo-t-xylose, m. p. 85-87", 
le +17-@" (c, 10 in chileroform), which restored the colour to Schiff’s reagent. Major and Cook 
(Joe, eit.) give m. p. 90-81", (aj) + 22-5" (c, 2 in absolute chloroform) (cf. also Wolfrom 4 ai., loc. cit.) 

Hena-acetyl U-ldsiol.—(a) A solution of tetra-acetyl sorbitoleen (0-63 g.) in ether (5 cc.) was shaken 
with N-bromosuccinimide (0-35 g) and water (15 ¢.c.) owermght. The ethereal layer was 
the aqueous portion was extracted twice with ether, and the combined extracts were dried ( 
=< evaporated The residue was heated on the steam-bath with acetic anhydride (1-5 cc), acetic 

acid (1-5 ¢.¢.), and sodeom acetate (0-5 g.) for 26 hours (a crystalline precipitate of sodium bromide beg 

snd the o efter 6 hours) and then stirred with water. The solution was extracted thrice with cision, 
tracts were washed with aqueous sodium hydrogen carbonate, dred (Na,5O,). and evaporated 
Pp 10-66 g.). which was dissolved in dry ether containing a little methanol and treated with ny 

a m ib p. 40-60"), Hexa-acety! L-iditol (0-2 g.) was obtained, m. p. 118--120°, [« 
ie, 10 in chloroform) Hann and Hudson (/. Amer. Chem. Soc., 1942, @4, 925) give m. p. 121 ia 
(corr.), (a)? 25-5" (chloroform); Meyer and Reichsteim (Helv. Chim. Acta, 1946, 29, 161) give m. p 
bios ines", (aj? —26-1° + 2 (¢, © in chloroform). Evaporation of the mother-liquors gave a 

syrup, from which no more solid material could be obtained 

by The The crystalline dibromute of tetra-acetyl 5: 6-sorbitoleen (0-7 g.; m. p. 152-153"), fused 
ootassium acetate (1°25 .), acetic acd (7-4 ¢.c.), and acetic anhydride (2-5 c.c.) were heated on a sand- 
math under reflux for 60 hours. The mixture gradually darkened, and a precipitate of potassium 
bromide slowly appeared. The cooled mixture was then poured into water (40 c.c.) and extracted with 


chloroform. The extracts were washed with sodiam hydrogen carbonate solution, dried PeetOy., and 


evaporated to a syrup. This was dissolved in a little methanol and treated with ether light 
petroleum (b. p. 40-40"), whereupon crystals (0-2 g.) gradually separated. Recrystallisation from 
methanol-ether gave hexa-acety! L-iditol, m. p. (and mixed m. p. with that obtained by the first 
method) 118-120", (e)f? —26-6° (c, 1-2 im chloroform) 

5 . 6 Dimethanesuiphony! 1 2-3: 4-lnisopropyiidene Mannitol-——To a solution of 1: 2-3: 4-disso- 
propylidene mannitol (Wiggins, /., 1046, 13) (7-6 g.) in dry pyridine (18 c.c.) was added a solution of 
methanesulphony! chloride (8-6 g) in pyridine (18 c.c.), the temperature being kept below 20°. The 
mixture was set aside at (° for 12 hours and then poured into water (250 «.c.) he precipitated oi 
crystallised on mucieation with a sample which had been caused to solidify by trituration with methanol. 
The solid was collected and well washed with water. One recrystallisation from methanol gave 10-65 g., 
m. p. 117-118 Further reerystallisation from the same solvent gave pure 5 : 6-dimethanesulphonyl 
1: 2-3: 4-diisopropylidens mannitol, m. p. 118-—-120", [a +25-1° (¢, 20 in chloroform) (Found: C, 
006; H, 63, 5, 1o3 C,H,,.0 requires C, 40-3; H, 63; S, 15-34 

5 6-Ditosyl 1.23354 Dhesboebyhidens M anastol —-Similar treatment of | : 2-3: 4-dissopropylidene 
manmtol (1:3 ¢.) im ‘pyridine 6c.) with toluene-p-sulphony! chloride (2-1 g.) gave an oi) on addition of 
water to the reaction mixture It was isolated by chloroform extraction; the extracts were w 
with hydrochloric acid, sxtium hydrogen carbonate solution, and with water, dried (Na,5SO,), and 
evaporated to a viscous oil (22 g This crude ditosyi derivative had «4 a +12-1° (¢, 4 in chloroform) 
Found : 5S, 106. Coght, OS, requires S, 112%, 

1. 3-3: 4-Diiwopr eee ae 5 6-Mannsioleen.—5 . 6-Dimethanesulphony! | : 2-3 : 4-dusopropylidene 
mannitol (14-4 @.), socdeam joclicle (42 ¢.), and acetone (280 c.c ) were ted in a pressure bottle at 100° 
for 6) hours. The precipitated sodium methanesulphonate (11-1 g.) was fil off and washed with 
acetone. The filtrate and washings were evaporated to small bulk, and the residue was stirred with a 
solution of sediam thicsulphate (20 ¢) in water (200 cc.) and extracted 5 times with chloroform 
(0-c.c. portions The dried (Na,5O,) extracts were evaporated to an oil (7-6 g.) which was distilled, 
b p. 40° 0-1 mm.; the distillate contained free iodine, and it was therefore dissolved in chloroform and 
washed with sodium thicosulphate solution The recovered oil on distillation gave colourless | : 2-3 : 4- 
diinopropyhidene 5. 6-mannsiolcen (5-2 ¢), bd. p. 41° 0-1 mm., wf 11-4401, [a)f} — 5-5" (¢, 24 in chloroform) 
Pound C. 63-4; H. 86 C,,H,O, requires ©, 63-1, H, 88 

A higher-boiling fraction and the still residue from the first distillation were combined, and oily 
material and iodine were removed by extraction with chloroform. The crystalline residue, on 
recrystallisation from methanol saturated with light petroleum (b. p. 40-—-60°) gave 1 : 2-mannitoleen 
as on needles, m. p. 147-149", (a F + 30-9" (¢, 10 in water) (Found: C, 486; H, 79. Calc. for 

1,,0,: C, 486, H, &2%) 
"Widictyels of \: 23 +-Diisopropylidens 5: 6Mannitoleen.—-A solution of the diisopropylidene 
compound (50 g.) in 0 3n-sulphuric acid (15 ¢.c.) was heated on the steam-bath for 7 hours in a slow 
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stream of nitrogen. The solution was then cooled and extracted once with ether to remove oily 
impurities. The acid was tralised by addits to the hot solution. of barium hydroxide solution in 
slight excess, followed by carbon dioxide. _ The barium | salts were filtered off and washed with water 
and the filtrate and washings were evap i under ©. The solid residue was dissolved 
in warm methanol (100 c.c.) and the en was filtered and evaporated, the resiiue being dried by 
ev tion with benzene and ethanol. Rec tion from ethanol-ethyl acetate gave 
1: 24mannitoleen (2-25 g.), m. p. 144—148", on further recrystallisation to m 147—148°, 
oF +30-0° (c, 10 in water). Karrer and Davis (loc. cif.) give m. p. 1465-149", +334" (in 
water) 

Tetra-acetyl 1 : 2-Mannitoleen.—1 : 2-Mannitoleen (20 g.), acetic anhydride (10 cc), and fused 
sodium acetate (1-0 g.) were heated on the steam-bath for 12 hours. The reaction mixture was then 
poured into water and stirred to decompose excess of anhydride. The mixture was cooled to 0°, and the 
solid was collected (yield, 4-3 ¢.; m a +t) 82°). Reerystallisation from methanol gave plates of the 
tetra-acety! doxivative, m. p. s0—81". +494" 4c, 1-0 in chloroform) (Found: C, 53-1; H, 60 
Cale. for C wligO, , 53-15; H, 64%) and Davis (lec. ef.) give m. p. 81-5" 

Reaction of Tetra aaa 1: 2-Mannsloleen avth Bromine.—A solution of bromine (1-8 g.) in carbou 
tetrachloride (30 cc.) was added slowly to a solution of the tetra-acetate (3-15 g.) in carbon tetrachloride 
(30 ¢.c.), the temperature being kept below 20°. Stirring was then continued for two hours, and the 
solution was washed with sodium hydrogen carbonate solution, containing a little sodium thiosulphate 
A small quantity of oil, not soluble in the carbon tetrachloride, was brought into solut by addit 
of some chloroform, and the solution was dried (Na,5O,) and evaporated to an oil (4:7 g.). This was 
dissolved in methanol (12 c.c.), and the solution was cooled to 0", and kept thereat overnight. The solid 
(2-1 g.: m. p. & “er was collected and recrystallised from methanol to give o first dibromide as 
hexagonal we m. p. 111112", fa +43-8° (c, 1-1 in chloroform) (Found , 5; HH, #3) Br, 
33-1. C,H yO,Br, requires C, 35:3; H, 42; Br, 33-6%). 

The main methanolic > was evaporated to a solid residue, which on recrystallisation twice from 
light petroleum (b. p. 60 ) and four times from ethy! acetate—light petroleum (b 6080") gave 
cubes of the isomeric dibromiée, m. p. 76", [al +45-5° (c, 1-1 in chloroform) (Found , 353; HL 43 
Br, 33-6%) 

The first dibromide (1-3 g.; crude) was heated under reflux with a solution of potassium thiolacetate 
(0-9 g.) in ethanol (15 cc.) for . — The bisthiolacetate was isolated in the usual way and formed 
a syrup (ll s. ). (of +25-4° 2-6 in chloroform), which failed to crystallise. Light absorption 
max, 22004., € « The pa Bae dibromide (1-9 g.), similarly treated, also gave a syrup (1-6 ¢.), 
aff +21-8° (e, *y in chloroform) ; light absorption : max. 2200 a., ¢ = 7000 

Reaction of Tetra-acetyl 1: 2-Mannitoleen with Hypobromous Aad —The tetra-acetate (0-27 «.) 
N-bromosuccinimide (0-19 ¢.), water (7 c.c.), and ether (3 c.c.) were shaken together for 17 hours. The 
ethereal layer was removed, and the aqueous portion was extracted twice with ether. The combined 
extracts were dried (Na,SO,) and evaporatec The crude bromohydrin (0-35 ¢.) was heated with 
acetic acid (1 c.c.), acetic anhydride (1 c.c.), and fused sodium acetate (0-25 g.) for 24 hours on the steam 
bath. The reaction mixture was cooled, shaken with water for some time, and extracted with chloroform 
The extracts were washed (NaHCO, solution), dried (Na,SO,), and evaporated to a syrup, which partly 
crystallised. The solid was removed and washed with ethanol-light petroleum (b. p. 40-40"), to give 
hexa-acety! sorbitol, (0-08 g.), m and mixed m 96 —08", at + 9-0" (c, 1-0 in chloroform) 

3: 4- Dimethanesulphonyl |: 2-5 : 6-Diisopropylidene Mannitol —-To a solution of methansulphony! 
chloride (7:15 g.) in dry pyridine (15 c.c.), cooled in ice, was added powdered | : 2-5 : 6-diisopropylidene 
mannitol (Baer, /. Amer. Chem. Soe., 1945, 67, 338) (6-6 g.), during ca. 5 minutes. After being kept at 0 
overnight, the mixture was diluted with water (200 ¢.c.). The precipitated solid was collected, washed 
with water, and recrystallised from methanol to give the ee (90g), m. p. 143-144", 
al —5-2 (¢, 2-4 in chloroform) (Found: C, 30-7; H, 63. C,,H,,O0,,5, requires C, 40-2; H, 63%). 

Reactions of the 3: 4-Disulphonates with Sodiwm Iodide —(a) 3: 4- htosy 1: 25:6 dis sopropyhdene 
mannitol (Brigi and Griner, Ber, 1934, 67, 1969) (2-0 g.), sodium iodide (6-0 g.), and acetone (40 ¢.c.) 
were heated in a sealed tube for 2 hours at 80°; no reaction occurred. Heating was continued for 
12 hours at 110°; iodine was then liberated, and from the cooled reaction product the theoretical 
amount of sodmm toluene-p-sulphonate (1-9 g.) was removed by filtration. The filtrate was worked up 
as previously described, but gave only a trace of dark oil from the chloroform extracts 

(6) The beng oe 3: 4-dimethanesulphonate (12-5 g.), sodium iodide (36 g.), and acetone 
(250 cc.) were ted in a pressure bottle at 100° for 55 hours. The precipitated sodium 
methanesulphonate amounted to only 2-2 g. (23%); the dark filtrate, containing free iodine, was 
returned to the bottle and heated for 15 hours at 125-——135°. The reaction had now gone to completion 
(total yield of sodium methanesulphonate, 9-5 g.), and the mixture was worked up as before. The only 
dentihable product from the chloroform extractions was mesity! oxide 


I is made to the Department of Scientific and Industrial Research for a maintenance 
grant (to P.B). The absorption spectra (in ethanol) were kindly determined by Dr. E. A. Braude 
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Bladon and Owen : 
114. 1: 2-5: 6-Diisopropylidene 3 : 4-Anhydro-p-talitol. 


By Perea Brapow and L. N. Owen. 


The preparation of 1 : 2-5 ie 3 : 4-anhydro-v-taltlol from 3-tosyi 1 : 2-5 : 6-ds- 
moprepyliidene mannitol is described is anhydro-compound is the first non-terminal hexitol 
derivative of the ethylene oxkle type to be obtained. Although the anhydro-ring is more stable 
than when it is attached to a terminal carbon atom, it is broken by acid hydrolysis, to give a 
mixture of D-mannitol and p-iditol, and also by treatment with alkoxides under vigorous 
conditions 


Deuatvatives of only three anhydro-hexitols of the ethylene oxide type have hitherto been 
described, wiz., I-tosy! 2: 4-benzylidene and |: 3-2: 4-diethylidene 5: 6-anhydrosorbitol 
(Vargha, Ber., 1935, 68, 1377; Vargha and Puskas, Ber., 1943, 76, 859; Sullivan, /. Amer 
Chem, Soc., 1045, 67, 837; Wiggins, /., 1046, 388); 1: 2-3 : 4-diisopropylidene 5 : 6-anhydro- 
mannitol (Wiggins, loc. cit.); and 3: 4-tsopropylidene and 3: 4-ethylidene | : 2-5 : 6-dianhydro- 
mannitol (Wiggins, J., 1946, 384). In all these, the oxide rings engage termina! carbon atoms 
and are readily opened cither by acid hydrolysis or by treatment with alkoxides or organic 
bases; the ring fission occurs usually between the oxygen atom and the terminal carbon atom, 
so that no change of configuration results. For example, 3: 4-isopropylidene 1 : 2-5 : 6-di- 
anhydromannitol on acid hydrolysis gives only mannitol, and with sodium methoxide only 
1: 6-dimethy! 3: 4-isepropylidene mannitol is obtained. The sole exception to this general- 
imation is provided by 1l-tosy! 2: 4-benzylidene 5 : 6-anhydrosorbitol, which on acid hydrolysis 
gives 1l-tosyl 2: S-anhydro-1-iditol by Walden inversion at C,,, (Vargha and Puskas, Joc. cit.), 
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In connection with the synthesis of polyhydroxy-dithiols, the 5 ; t-anhydro-derivatives of 
mannitol and of sorbitol have been used for the preparation of the 6-ally!l ethers, by effecting 
ring fission with sodium ally! oxide in allyl aloohol (Bladon and Owen, Part VI, /., 1950, 591). As 
part of a possible route for the synthesis of non-terminal allyl ethers of polyhydric alcohols, a 
non-terminal epoxide was required, and, since anhydro-compounds of the ethylene oxide type 
are most conveniently prepared from tosy! compounds (cf. Peat, ‘' Advances in Carbohydrate 
Chemistry,” 2, 37), attempts were made to form the monotosyl derivative (II) of 
1: 2-5: 6-diisepropylidene mannitol (I When this compound was treated with 1 mole of 
toluene-p-sulphony! chloride in pyridine, a syrup was obtained from which 3: 4-ditosy! 
1: 2-5: 6-dissepropylidene mannitol (Brig! and Griiner, Ber., 1934, 67, 1969) could be separated 
by crystallisation from methanol, and from which, on one occasion, crystalline 3-tosy/ 


1 5: 6-diisopropylidene manniiol (11) was also obtained. Subsequent attempts to isolate 


this mono-derivative from the reaction mixture were unsuccessful, but such isolation proved 
to be unnecessary, since treatment of the crude reaction product, in chloroform, with cold 
methanolic sodium methoxide gave an oil, from which the ditosyl compound (unaffected by this 
treatment) was precipitated by light petroleum, distillation of the material soluble in this 
solvent then gave crystalline 1 : 2-5 : 6-diisopropylidene 3 : 4-anhydro-p-talifol (111) 

The configuration allocated to this compound is in conformity with the knowledge that, in 
the formation of an epoxide from a tosy! compound, a Walden inversion occurs on the carbon 
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atom carrying the sulphonyloxy-group; it was also confirmed by the following observations. 
Acid hydrolysis of the epoxide resulted in fission of the ring and loss of the isopropylidene 
residues, and gave a mixture of hexitols from which mannitol (IV) was isolated by crystallisation. 
The material in the mother-liquors, on treatment with formaldehyde and concentrated hydro- 
chioric acid, gave a dimethylene hexitol, the properties of which agreed with those given by 
Hann and Hudson (J. Amer. Chem. Soc., 1945, 67, 602) for 2: 4-3: 5-dimethylene t-iditol, 
except that the optical rotation was of opposite sign. Accordingly, the product is formulated 
as 2: 4-3 : 5-dimethylene p-iditol (V1), formed from b-iditol (V) resulting from the hydrolysis of 
the anhydro-compound. Acetylation of (V1) gave 1 : 6-diacetyl 2 : 4-3 : S-dimethylene D-iditol 
which likewise bad properties, differing only in the sign of rotation, similar to those recorded 
by Hann and Hudson (Joc. cst.) for the enantiomorph. The production of both p-mannitol and 
»-iditol from the anhydro-compound can be explained only by assigning to it the p-talitol 
configuration ; ring-opening thus occurs in two directions, leading (with inversion on C,,) to 
the mannitol configuration and (with inversion on C,,) to the iditol configuration. 

1 : 2-5 : 6-Diisopropylidene 3: 4-anhydro-p-talitol, the first non-terminal epoxide in the 
hexito! series, was noticeably more resistant than terminal epoxides to attack by alkoxides, being 
recovered largely unchanged after being heated under reflux with O-2x-methanolic sodium 
methoxide, conditions under which terminal epoxides are readily opened (Vargha and Puskas, 
loc. cit.). With 3-5x-methanolic sodium methoxide at 100°, however, it gave a mixture of 3- 
methyl | : 2-5 : 6-diisopropylidene D-mannitol (VII) and (probably) 3(or 4)-methy! 1 : 2-5 : 6-diiso 
propylidene p-idito! (VI11), from which, by acid hydrolysis, 3-methy] mannitol was obtained, 
identical with the compound prepared by Haskins, Hann, and Hudson (/. Amer. Chem. Soc., 
1943, 65, 70) by reduction of 3-methy! mannose. It was not possible to isolate the 3-methy! 
iditol which presumably was also present. 

Similarly, on being heated with sodium allyl oxide in ally! alcohol at 100", the epoxide gave 
a mixture of 3-allyl 1 : 2-5 : 6-diisopropylidene p-mannitol and (probably) 3-allyl | : 2-5 : 6-di- 
isopropylidene v-iditol. Acid hydrolysis then gave a mixture of ally! hexitols from which 3-ally! 
D-mannitol was isolated, identical with the materia! obtained by direct allylation of 1 : 2-5 ; 6-di 
isopropylidene mannitol (Bladon and Owen, loc. cit). 


EXPERIMENTAL, 


3-Tosyl 1: 2-5: 6-Diisopropyiidene Mannitol.—A solution of 1: 2-6: 6-disopropylidene mannitol 
(52-4 g., 2 mol.) (Baer, /. Amer. Chem. Soc., 1945, 67, 338) in dry pyridine (200 c.c.) was stirred vigor- 
ously and cooled during the addition of a solution of toluene-p-sulphony! chloride (40 g., 0-21 mol.) in dry 
pyridine (100 cc.) during 24 hours, the temperature being kept below 2°. After the mixture had 
remained for 20 hours at room temperature, the greater part of the pyridine was removed by distillation 
ender reduced pressure. The syrupy residue was taken up in chloroform (250 c.c.) and treated with 
crushed ice (300 g.). The chloroform layer was separated and the aqueous solution was extracted twice 
more with chloroform. The extracts were washed with water, dilute sulphuric acid, and finally with 
sodium hydrogen carbonate solution, and then dried (Na,SO,). The solvent was removed by distillation, 
leaving a syrup (66-1 g.) which was, in general, used without further treatment for the next stage In 
one experiment, however, a portion (4-5 g.) of this crude monotosy!l derivative was crystallised from 
methanol; the first crop of solid consisted of 3 : 4-<litosyl | : 2-6 : 6-dissepropylidene mannitol, m. p. and 
mixed m. p. 118—-119 Treatment of the methanohc mother-liquors with water gave a solid (2-6 ¢.), 
m. p. 75—00°; this was dissolved in ethyl acetate, and the solution was dried (Na,SO,), concentrated 
to small volume, and treated with hght petroleum (b. p. 60-80") to give a solid, m. p. 9#8-—100 Purther 
recrystallisation from ethyl acetate—light petroleum (b. p. 60-—80°) gave 3-fosyi 1 : 2-5 : 6-diisopropylidene 
mannitol, m. p. 100°, (a)f? —27° (c, 0-9 in chloroform) (Found: C, 546; H, @6. ©€,,H,,0,5 requires 
C, 548; H, 66%). Attempts to isolate this compound on other occasions were unsuccessful; further- 
more, the analytically pure material decomposed after a few weeks to a viscid mass, which was acidic 
and contained free acetone 

1: 2-5: 6-Diisopropylidene 3 4- Anhydro-p-talitol —-To a solution of the crude 3-tosy!l ciisepropylidene 
mannitol syrup (60 g.) in chloroform (240 c.c.), cooled in ice, was added a solution of sodium (3.5 g.) in 
dry methanol (150 c.c.}, with shaking and cooling. The sodium toluene-p-sulphonate first separated as 
a gel, which later crystallised. The mixture was left overnight at 0° and was then treated with water 
(00 cc.). The chloroform layer was separated, and the aqueous portion was extracted thrice with 
chloroform. The combined extracts were dried (Na,5O,) and evaporated to a syrup (37-6 ¢.), which was 
dissolved in boiling light petroleum (b. p. 60-80"; 100 ¢.c.); the solid which separated on cooling was 
collected and extracted twice more with light petrol The luble material (15 ¢.) was recrystallised 





from methanol (100 c.c.) and gave long needles of 3: 4-ditosy!l 1: 2-5: 6-dii opylidene mannitol 
(8-5 g.), m. p. 118°, (a}f} +7-8° (¢, 2-5 in chloroform) (Found : C, 548; H, 5-0. Calc. for Cy,H,,0,,5 
C, 547; H, 60%). Brigi and Gréner (Ber., 1934, 67, 1969) give m. p. 120—121", [aly +9 
(in chloroform). 

Evaporation of the petroleum solution under reduced pressure gave a crystalline residue (25 g ) 
which was distilled at 80—140° (air-bath) /0-0001 mm.; the distillate (20-7 g.) solidified in the form of 
large plates, m. p. 49-—53°. Recrystallisation from aqueous methanol gave large granular crystals of 
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1.23 6-de 3 6 8 et ney | m. HO", | 162° (¢, 145 im chloroform) 
wens c, 3. H, #1. overall yield of the anhydro- 
ee trom, lidene 

td Hydrolysis of 1:26 ¢-Dieopropyiidene $ 3. 4-Anhydro-p-talitol.-The compound (4-9 g.) was 

heated om the steam-bath with 6-9»-sulpburic acid (5 ¢.c.) for 24 hours, the liberated acetone being allowed 
to escape. The cooled solution was then extracted once with ether, to remove a trace of oily impurity, 
and treated with a slight excess of barium hydroxide solution, the excess then being neutralised with 
carbon diomide. The precipitate was removed on the centrifuge and washed twice with a little water 
Evaporation of the aqueous solution under reduced pressure then gave a syrup, which was evaporated 
several times with anol and then dimolved in ethanol (45 «.) and water (4 cc). This solution 
was hiteré and concentrated to small bulk; successive treatments with small quantities of ethy! 
acetate then gave three crops of mannitol, m. p. 163-166", 160-161", and 161-163", respectively, un- 
on admixture with authentic mannitol of m. p. 106" (iditol has m. p. 73--74°). The total 

ae was 163g Evaporation of the mother-liquors gave a syrup (2-0 g.), which contained iditul (see 

5] 


2.43: 5. Dimethylens v-I ditol.—-The syrup (2-6 « ) was heated on the steam-bath with 40% aqueous 
formalkiehyde solution (5 ¢.c.) and concentrated hydrochloric acid (5 «.c.) for 6 hours, and then left 
overnight at room temperature. The solution was filtered and evaporated on the steam-bath to a syrup, 
which was dissolved in a little water and again evaporated to yield a solid residue. This was dissolved 
in boiling water (10 ¢.c.), and the solution was filtered; on cooling, a crystalline solid separated, m. p 
262-265" (0-62 ¢.), and on further recrystallisation from water and from aqueous methanol (with 
charcoal) small plates of 2: 4-3: S-dimethyiene D-idifol were obtained, having m. p. 262-—265" (de. 
comp.), [a]? ~—38-6" (¢, @3 im water) Found: C, 46-25; H, 66. C,H,,O, requires C, 46-6; H, 68%) 
Hana and Hudson (lec. cit.), for the t-form, recorded m. p. 260-262" (decomp.), (a)f? +39-2° in 
water 

The mother-liquors from the above crystallisations were re-treated with formaldehyde and 
hydrochloric acid, and gave a further small quantity of dimethylene p-ulitol 

1: 6 Diacetyl 2: 43. S-Dimethylene D-/ ditol —2 : 43 : 56-Dimethylene D-iditol (0-2 ¢.) was dissolved 
in a mixture of acetic acid (0-6 « c.) and acetic anhydride (l-4c.c.). Concentrated sulphuric acid (0-05 cc.) 
was added, and after a few minutes the reaction mixture was poured into water he precipitated solid 
was recrystallised first from ethanol and finally from water, and gave needles (0-1 g.) of the diacetyl 
derivative, m. p. 220-221", |« +48" (c, © in chloroform) (Found: C, 497, H, 61. C,,H,,.O, 

uires C, 49-65, H, 625%) Hann and Hudson (loc. c.), for the L-enantiomorph, give m. p. 219-—-220°, 
i. 30 in chloroform 

Reaction of 1 2-5. 6- Ditsopropylidene 3. 4 Anhydro-p-talitol with Sodium Methoride —-Heating of the 
anhydro-compoung with 6 2n-methanolic sodiam methoxide under reflux for periods up to 15 hours 
resulted in po significant change in optical rotation, and the material was recovered almost quantitatively 
from the solution With 2n-methanolic sodiem methoxide in a sealed’ tube at 100", a change in [a » 
from ~ 23-2° (initial) to + 51° (6 howrs) was observed 

The anhydro-compound (5 g.) was therefore dissolved in 3-5n-methanolic sodium methoxide (35 ¢ 
and the solution was heated in a small autoclave at 100-—105° for 20 hours. The cooled product was 
diluted with water, neutralised with carbon dioxane, and concentrated under reduced pressure to remove 
most of the methanol The aqueous solution was then extracted with ether (6 x 50 cc), the extracts 
were dried (Na,50),), and the solvent was evaporated Lystiliation of the residual syrup (50 ¢.) gave a 
colourless bquid, probably a mixture of 3-methyl |: 2-6 : 6-dissepropylidene D-mannitol and 3-methyl 
1 2-5: @dissopropylidene p-iaitol, b. p. 96° 0-003 mm., wi? 1-4530, (aif? +64 4 in chloroform) 
(Pound: ©, 565. H, 6 Cal. for C,,H,,0,: C, 5645; H, &8% A diussopropylidene compound of 
uncertain structure trom 3-methy!l mannitol, prepared by Haskins, Hann, and Hudson (/. Amer. Chem 
See, 1043, @B, 70), had m. p. 57-48, (a)? +90" (in alcohol 

3- Methy! Mannstol.—The above mixture was hydrolysed by being heated with 0-45n-sulphuric acid 
(1G «..) for 7 hours, the acetone being removed from the hquid by the pasaage of a slow stream of nitrogen 
The solution was extracted once with ether, to remove oily umpurities, and it was then heated to ca. 80 
and treated with a shght excess of barium hydroxide solution, the excess then being removed with carbon 
dioxide. The precipitate was filtered off, and the filtrate was evaporated under reduced pressure to a 
syrup, which was dried by evaporation several times with ethagol. It was then dissolved in hot ethanol 
(20 ¢.c.) and filtered from a small amount of insoluble matter Evaporation then gave a syrup (2-7 g 
cake. yield of methyl hex:tol, 2-8 g.) which on treatment with ethanol-ethy! acetate gave a precipitate 
of }-methy! mannitel monohydrate (1-26 ¢ , 45%), m. p. 85-—86 Haskins, Hann, and Hudson (loc. cad.) 
give m. p. 86-87 Crystalliation from dry ethanol gave the anhydrous 3-methyl mannitol, m. p 
132-133", |a)fP + 16-5° (c, 2 in water Haskins «4 af. (sbid.) give m p. 133-134", (a) + 16-7° (¢, 2in 
water 

Evaporation of the mother-bquers from the initial precipitateon of 3-methyl mannitol gave a syrup 
(1-4 g.) which could not be induced to crystallise, and presumably contained 3-methy! iditol 

3- Allyl b-Manmatol —When 3. 4-anhydro-p-talitol was heated with @-1N-sodium allyl oxide in allyl 
alcohol for 5) hours under rethux, the greater part of the material was recovered unchanged. A solution 
of the anhydro- compound (61 ¢ ) in dry ally! alcohol (0 ¢ « ) comtaining sodiem (5 ¢.; +.¢., a 4n-solution) 
was heated ender an air reflux condenser for 17 hours, during which time the solution became more 
comentrated owing to loss of solvent The syrupy product was treated with water (100 cc.) and 
steam<histilied to remove allyl akohol The alkali was neutralised with carbon dioxide, and the solution 
was extracted with ether (4 » G8 c¢c.). The dried (Na,SO,) extracts were then evaporated and the 
residual otf was distilled to give a mixture (74) ¢ . 84%) of S-allyl 1: 2-5: 6-dissopropylidene p-mannitol 
and Dally! |) 2-4: 6-dusepropylidene p-aditol, b. p. 9¢-—-97° 0-001 mm., 14634, « +4#1° (c¢, 2 in 

chloroform) (Found: C, 5085, H. 84. Calc. for C,,H,,O,: C, 506 &-7%) mixture was 
hydrolysed in a similar way to that used for the corresponding meth compounds and gave 3-ally! 
pmannitel (16g, 30%), m. p. and mixed m. p. 117—118", 'a) +17 ¢, | in water) (cf Bladon and 
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Owen, ]., 1950, 591). Evaporation of the mother-liquors gave a syrup (1:75 g.) from which no crystalline 
material could be obtained. 
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grant (to P. B.). 
Iupertat Cottece oF Science awd TecuwoLocy, 
S. Kenstrcror, Lowpow, S.W.7. | Received, Nowember 3rd, 1049.) 


115. Aliempts to Find New Antimalarials. Part XXIX. The 
Synthesis of Various Derivatives of 2 : 3-Benz-y-carboline. 


By Wittiam O. Kermack and (Mrs.) Nora E. Storey, 


The Grache-Ulimann method has been used to synthesise 2: 3-benz-y-carboline (IT; 

R = H) and a number of its derivatives. Treatment of 2 : 3-benz-y-carboline with 2-diethyl- 
aminoethy! chloride im nitrobenzene yields 4-2°-diethylamimocthyl-2 : 3-benz-y-ts0carboline (X}, 
whilst in toluene in presence of sodamuide the product of the reaction is 1-2°'-diethylammnoethyi- 
2 : 3-beur-y-carbolime (IX). The structure of (1X) has been confirmed by the synthesis of its 
dimethiodide (X11) from 4-methy!-2 : 3-bens-y-isocarboline (XT) and 2-diethylaminoethy! chloride, 
followed by treatment of the resalting é-methyi- 1-2°’-diethylaminoethyl-2 3-benz-y-carbolinium 
chionde, first with potassmm iodide and then a iodide. Two by-products isolated by 
Schofield and Sim im the preparation of ethyl 4-hydroxyquinohne-3-carboxylate from 
aniline and ethy! ethoxymethylenemalonate have been identified. 


A NuMBER of derivatives of 2 : 3-benz-y-carboline containing a methyl group in position 5 have 
been synthesized by Kermack and Smith (J., 1930, 1999). Clemo and Perkin (idid., 1924, 125, 
1608) treated the phenylhydrazone of 1: 2: 3: 4-tetrahydro-4-quinolone with 20%, sulphuric 
acid and instead of the expected 4: 5-dihydro-2 : 3-benz~y-carboline, C,,H,,N,, isolated a com- 
pound, C,,H,,N,, m.p. >320°, which they assumed to be 2: 3-benz-y-carboline (indolo-3’ : 2’- 
3: 4-quinoline) itself. During investigations on the constitution of indigo-yellow, de Diesbach, 
de Bie, and Rubli (Hele. Chim. Acta, 1934, 17, 113) isolated a degradation product, m. p. 332°, 
which they considered on the basis of oxidation experiments to be 2: 3-benz-y-carboline. It 
seemed desirable to synthesise this base by an unambiguous method and at the same time to 
prepare a number of derivatives carrying basic side chains in order that they might be subjected 
to biological tests. 

The method employed was a modification of the Graebe-Ullmann carbazole synthesis used 
by Kermack and Smith in their synthesis of the 5-methy! derivatives of 2 : 3-benz~y-carboline 
(loc. cit.). Thus 4-chloroquinoline was condensed with o-phenylenediamine, and the resulting 
4-0-aminoanilinoquinoline treated with nitrous acid to yield the benztriazole derivative (1; R = 
H). When heated in syrupy phosphoric acid this compound lost nitrogen and underwent the 
Graebe-Ullmann reaction to yield 2: 3-benz~y-carboline (Il; Re H). Here it is assumed that 
cyclization occurs so as to involve position 3 of the quinoline nucleus, although it might occur at 
position 5 to yield the isomeric compound (IIT). The latter course is excluded not only by the 
properties of the product, but also by the experiments in the 5-methy! series (Kermack and Smith, 
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(VI) 
4-Chioroquinoline was prepared from aniline and ethyl ethoxymethylienemaionate (cf. 
Schoheld and Simpson, J., 1946, 1033, and Price and Roberts, J. Amer. Chem. Soc., 1946, 68, 
1204). When somewhat impure ethyl was employed cyclization of 
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the crude intermediate ethy! anilinomethylenemalonate in liquid paraffin at 250° yielded three 
crystalline products. One of these was ethy! 4-hydroxyquinoline-3-carboxylate, the other two 
melted at 118° and 318° respectively and were evidently identical with Schofield and Simpson's 
by-products, C,,H,,O,N, and C,,H,,O.N, respectively (loc. cif.). Schofield and Simpson 
suggested tor the lower-melting compound formula (IV) or (V) and for the higher-melting com 
pound the formula (V1) or (VII), the last compound being formed from (V) by the loss 
of a molecule of ethanol. The following observations decide the constitution of these two 
products 

The compound, m. p. 118°, when heated in diphenyl was converted into the compound 
m. p. 318°, with loss of ethanol. The compound, m. p. 318°, when boiled with acid yielded 
4-hydroxyquinoline-3-carboxylic acid and also a diazotisable amine, presumably aniline. This 
strongly suggests that the compound is 4-Aydroryguinoline-3-carboxyanilide (V1), which is cor 
firmed by its synthesis from equimolecular amounts of ethy! 4-hydroxyquinoline-3-carboxylat« 
and aniline, As (V1) is formed from the lower-melting compound with the loss of a molecule ot 
alcohol, it appears very probable that the latter has the formula (V) and not (IV), which is 
confirmed by its synthesis from equimolecular amounts of ethy! anilinomethylenemalonate and 
aniline. 

In contrast to Schofield and Simpson (whose product did not crystallise) and Price and 
Roberts (who obtained a product which set to a crystalline mass between — 12° and — 15°) we 
found that p-animdine and ethy! ethoxymethylenemalonate, when heated on a steam-bath 
yielded a crystaliine compound, m. p. 38-—-40°; its analyses were in accord with its formulation 
as ethyl p-anisidinomethylenemalonate and it was converted into 4-chloro-6-methoxyquinoline by 
the series of reactions described by Price and Roberts. 

From 4-chloro-6-methoxyquinoline and o-phenylenediamine, 4-0-omnoantlino-6-methoss 
quinoline was obtained, which with nitrous acid yielded the benztriazole derivative (I; RK OMe 
This, when heated in syrupy phosphoric acid, afforded 2’-methoxy-2 : 3-benz~y-carboline (11, 
K OoMe From 4: 6-dichloroquinoline by an analogous series of reactions, there was 
obtained 2’-chloro-2 : 3-bens-y-carboline (11; K c) On one occasion in the preparation of 
2’-methoxy-2 : 3-benz-y-carboline, 6-methoxy-4-(benztriazol-|-yl)quinolime, when heated in syrupy 
phosphoric acid, yielded 4-anilino-6-methoryquinoline, the identity of which was confirmed by 
its synthesis from 4-chloro-6-methoxyquinoline and aniline. The special conditions responsible 
for the reaction taking this abnormal! course were not ascertained; it would seem that sonx 
reducing agent must inadvertently have been present. A by-product isolated on one occasion 
from the reaction between 4: 6-dichloroquinoline and o-phenylenediamine proved to be NN 
di-(6-chloro-4-quinolyl)-o-phenylenediamine (VII1), the structure of which was confirmed by its 
synthesis from 6-cAloro-4-0-aminoamilinoguinoline and 4: 6-dichloroquinoline. (VIII) vielded a 
timethiodide when boiled in nitrobenzene with excess of methyl sulphate and then treated with 
potassium rxide 


NI \ XIII 


- ' 


2: 3-BRenz-y-carboline was treated with 2-diethylaminoc thy chloride (a) in boiling toluene in 
presence of sodamuide (cf. Dewar, /., 1044, 619) and (6) in nitrobenzene at 100 Two products 
were obtained : method (4) vielded a base p. 103-104", which was considered to be 1-2”- 
diethylaminoethyl-2 : 3-benzey-carbolime (IX), whilst the product, m. p. §$4—86°, obtained by method 
b) was probably 4-2°-dicthylaminoethyl-2 : 3-benz-y-isocarboline dihydrate (X The latter com 
pound, even after prolonged drying, contained a molecule of water, so that it may clearly be 
either the carbolinium hydroxide (in its ionic form or as the pseudo-base), or the monohydrate 


of the anhydronium base | it is relatively soluble in both benzene and light petroleum, and readily 


m 
> 
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forms a dimethiodide, one of the methyl groups of which is undoubtedly attached at N,,, (see 
below); it thus behaves as the anhydronium basé rather than as the quaternary hydroxide, and 
this conclusion is confirmed by the fact that the analogous compound derived from 2’-chloro- 
2 : 3-benz~)-carboline, when dried, forms first a compound of similar composition to that above 
and then yields the anhydrous anhydronium base. However, the distinction between a hydrated 
anhydronium base and a quaternary —— is not sharp, as the hydrated anbydronium base 
with a hydrogen atom co-ordinated at N,,, is scarcely distinguishable from the quaternary 
hydroxide. 

When treated with excess of methyl iodide and nitrobenzene the bases (IX) and (X) yielded 
dimethiodides, m.p. 276-—278° and 263-—264° respectively. The dimethiodide, m. p. 276-278", 
was also prepared as follows: from the methiodide of 2 : 3-benz~y-carboline, the anhydronium 
base, 4-methyl-2 : 3-bens-y-isocarbolime (X1), was obtained by treatment with alkali; when this 
compound was warmed in nitrobenzene with 2-diethylaminoethy! chloride and the product 
treated with potassium iodide, a compound, m. p. 225°, was isolated which, on treatment with 
methyl! iodide, yielded a compound, m. p. 276---278°, identical with the dimethiodide in question 
In this second method of synthesis one methyl group is certainly located at N,,.; it has been 
amply proved that, when alkylisocarbolines are treated with alkyl halides, the second alky! 
group becomes attached to N,,. It follows that the diethylaminoethy! group is here attached to 
Ny), 80 that the dimethiodide in question must have the structure (XII). This in turn proves 
that the product obtained by method (a) must have the constitution (IX), and the structure (X) 
of the product obtained by method (6) necessarily follows; the dimethiodide of (X) has pre 
sumably the structure (XIII). 

Similarly, from 2’-chloro-2 : 3-benz~y-carboline and 2-diethylaminoethy! chloride two com 
pounds were obtained: under conditions (4) 2’-chloro-1-2”-diethylaminoethyl-2 : 3-bena-y 
carboline, and under conditions (b) 2’-chloro-4-2”-diethylaminoethyl-2 : 3-benz-y-isocarboline 
From 2’-methoxy-2 : 3-benz-y-carboline conditions (6) afforded 2’-methoxy-4-2”-diethyl- 
aminoethyl!-2 : 3-benz-y-isocarboline, isolated as the dinitrobenzoate, but it was not possible to 
isolate a crystalline compound from the products obtained under conditions (a). A by-product 
encountered in the experiments carried out under conditions (6) was 1: 1: 4: 4-tetraethylpiper- 
azinium dichloride, formed by the interaction of two molecules of 2-diethylaminoethy! chloride 
It was identified as its di-iodide, previously prepared by Gough and King (J., 1928, 2436). 


Ravanmenerrad 


4-Hydroxsyquimoline-3-carboryaniiide. — 4-hydroxyquinoline-3-carboxylate (1 g.) was refluxed 
with aniline (1 g.) for 5 hours. On a the solution deposited shining white plates of the amilide, 
m. p. 316-318 (from acetic acid) (Found: C, 72-3; H, 46; N, 1085. C,,H,O,N, requires C, 72-7 
H, 4-7; N, 10-6%,) 

Ethyl B- Antlino-a-phenylcarbamylacrylate a ular amounts of — anihnomethylenemalon 
ate and aniline were ty: together at 100° for 1 ce" woh rene recrystallised from ht petroleum, 
had m. p. 118° (Found , 69-4; H, 5-9; N,O3. C,,H,,O,N, requires C, 60-7; H, 5-8; N, 9-0%). 

Conversion of Ethyl . Anilino-a- pheisylcarbamylocrylaas into 4-Hydroxyquimoline- 3-carbosyanilide - 
Ethyl 8 anilino-e phenylcarbamylacrylate (0-5 g.) was heated in boiling diphenyl under reflux for 30 
minutes. The diphenyl was extracted with ether to leave a solid residue, m. p. 315". After crystallis 
ation from glacial acetic acid, this product showed no depression in m. p. when mixed with a sample of 
4-hydroxyquinoline-3-carboxyanilide 

4-0-1 mine oamtlimoquinoline 4-Chioroquinoline (3-2 g.) (cf. Price and Roberts, Joc. cif.) and o-pheny! 
enediamine (2-1 g.) were heated together at 140° at 20-30 mm. After 10-20 minutes a brisk reaction 
occurred, and the solution set to a brittle resin. The solid was extracted with boiling »-hydrochlori 
acid and the solution filtered. The filtrate on cooling deposited the hydrochloride as greyish-white 

crystals, m, p. 285-290". The base precipitated by alkali from an aqueous solution of this salt was 
recrystallised from a mixture of benzene and light Sr a's ® BR 4 60 , and formed bufl-coloured 
orisms, m. p. 165-—166° (3-5 g., 76%) (Pound: C, 76-4; N, 174. C,,H,N, requires C, 76-6, 
4,55; N, 17-86%). 

4-( Benztriazol-|-yl)qusnoline.—-4-0-Aminoanilinoquinoline (3 g.), dissolved in N-hydrochloric acid 
(500 c.c.) and © to 5°, was treated with a solution of sodium nitrite (0-8 g.) in water (10 c.c.) watil an 
excess of nitrite was present. The voluminous white pa was dissolved in boiling water, and 
4-(benztriazol-1-yl)\quinoline, precipitated by the addition of alkali, was recrystallised from ethanol ; 
: formed er white prisms, m. P 132-—-133° (2-2 g., 70%) (Found: ©, 73-0; H, 42; N, 230 

Crnthae N, requires C, 73-2; H, 4-1; N, 22-8%). 

3-Bensz- -y-carboline .4-(Benztriazol- l-yl)quinoline (10 g.) was heated in syrupy phosphoric acid 
(15 c cc ; until the evolution of nitrogen ceased. The -white ae which separated from the 
cool solution on dilution and basification was off, washed, and recrystallised {rom aqueous 
methanol; it formed irregular colourless ox. * P. 342° with sublimation (7 g.. 77%) (Found 
C, 82-3; H, 49; N, 12-55. Cake. for C s: 82-55; H, 46; N, 12-8%). 
insoluble in benzene or ether, Tek rap oe +e al. and more soluble in 
dissolves readily in hot dilute hydrochloric acid to give a clear solution which on cooling deposits white 
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crystals of the hydrochloride, and in hot comcentrated atric acid to yield a yellow nitrate ci. Clemo and 
Perk de vach, de Hie, and Kubli, lece. cit). The cole bita a violet fluorescence under the 
arc light in most solvents, but not in concentrated sulphuric acid, though the crude product showed a 
marked fluorescence in the cold (cf. Clemo and Perkin, joc cw) 

Prom 2 : 3-bena-y-carboline and exces of methy! todide in nitrobenzene, after 2 hours on the steam- 
bath, needie-shaped crystals of the mcthiedide separated. The uct, recrystallised from 
a a « trace of sodiam thiosulphate, had m. p. 207° (0-2 g., 72%) (Found: C, 53-4; H, 3-4; N, 7-5 
C,H N,! requires C, 53-3; H, 36, N, 78%) 

“ a trace of iodine dissolved m ethanol is added to the alcoholic solution of this methiocdule, a 
dark red caleur immediately develops. The crystals of the methiodide prepared in the absence of 

te aleo tend to develop a reddish colour which deepens to black on storage. This colour which 
may be discharged by sodium thiosulphate is apparently due to the action of traces of sodime in the salt 
ot in the crystals (cf. Kermack, Smith, and Spragg, Proc. Roy. Sec. (Edim.), 1929-1930, §@, 243 

4 Methyi-2 3-bens-y-tscearbolime — An aqueous solution of the above methiodide was rendered alka- 
lune with aqueous ammonia, and the yellow sold which separated was my ogee from dry benzene, 
giving yellow prisms of the monchydrale, m. p. 195" (Found: C, 76-75; H, 5 Cyugll No HO requires 

768; H, >6%) The anhydrous bas, obtained by drying the mom date " = at 80° over 
phe shoric oxide for 4 hours, had m. p. 195° (Pound: C, 82-6; H, 5-0; 11-7. Cyght JN, requires 

, 88-76; HW, & 8; N, 12-1%) 

4-2”'- Diethylaminosthyi- ? B-benz-y-imxcarbolmme —2  3-Hena-y-carboline (0-54 g.) and 2-diethylamino- 
ethyl chloride (0-4 ¢.) m nitrobenzene (100 ¢.c.) were heated at 100° under reflux for 9 hours and set aside 
at room temperature overnight. The solution was filtered from some | 1 4: 4-tetraethylpiperazinium 
dichloride and diluted with light petroleum (b. p. 100-120") to yield a brown precipitate which was filtered 
off, The aqueous solution of the product was ~ oy with ~ ar ammonia to give a yellow precipitate 
which, recrystallised from aqueous ethanol, had m When dried in a vacuum over calcium 
chiorwde, the yellow needies changed to a highly tas liquid. When an analytical specimen of the 
crystals was dried over phosphore oxide at 80° in a vacuum, the loss of weight was 507%, 
cnn, viscous liquid gave the following analytical values: Found: C, 743; H, 7-35; N, 12-2% 
(Cyt AGH,O requires C, 742; H, 7-5; N, 12-46%). It thus appears that the liquid is the 
munch yd: rate of the expected base and that the crystal, m. p. 4- , ate a dihydrate (Required 
e 22H, a> Ca HagNy Ht », lose 56-09%) 

Dimethsodsde of 42° -Deethylamencethy!-2 . 3-bens-y-isocarboline.—-From 4-2’’-diethylaminoethyl- 
2 B-bene-y-tsocarboline dihydrate (0-53 g.) and methyl iodide (0-24 g.j in nitrobenzene (10) c.c.), heated 
under reflux at 60° (for 30 minutes), needle-shaped crystals of a dimethiodide separated almost immediately. 
These were filtered off, washed with — and crystallised from boiling water, forming white feathery 
needies, m. p, 263-~264° (Found: C, 45-75; H, 466; N, 66. C,,H,.N,2CH,I requires C, 45-9; H, 
46; N, 60%). An aqueces cotntion of the salt gives no precipitate with aqueous ammonia of sodium 
hydroxide, indicating that an anhydronimum base is not formed 

1.2". Diethylamnnoethyl-2 : 3-bens-y-carbolime — 2 - 3-Benz-y-carboline (1-09 g.), 2-diethylaminoethyl 
chloride (1-01 g.), finely powdered sodamide (1-95 g.}, and toluene (10 c.c.) were heated on an oil-bath at 
70° for 30 minutes and then at 115° for 30 minutes, and finally refluxed at 110° for 4 hours To the cold 
mixture, water was added and a small amount of insoluble 2: 3-benz->-carboline removed by filtration 
The toluene layer was separated and extracted with dilute acetic acid (5%). The acid extracts were 
basified with aqueous ammonia, and the resulting oily precipitate extracted with ether. After drying 

K,CO, and reduction of volume, fine crystals of the 1-2”-diethylaminocthyl derivative separated ; 
recrystallised from aqueous ethanol, this had m. p. 103-—104° (0-96 g., 60%) (Found: C, 79-6; H, 7-1; 
N.13-2 C,y.HyN, requires ( 79-5; H, 7-26; N, 13-25%) 

Dameths sdide of of 1-2°-Diethylaminorthyl-2 : 3-bens-y-carboline.—-The preceding base (0-5 g.), methyl 
sodide (0-3 « ), and nitrobenzene (10 ¢.c.) were heated together at 60° for 30 minutes; the white solid was 
washed with ether and recrystallised from methanol; this dimethiodide formed prisms, m. p. 276—278 
(Pound: ©, 456; H, G1; N. 64 Cy HN, OCH, requires C, 45-0; H, 46; N, 60% Addition of 
aqueous ammonia or sodium hydroxide to its aqueous solution gave no precipitate 

Demethtodede of 1-2°'-Dnethylamimmnoethy!-2 3-benz-y-carboline from 4 Methyi-2 - 3-benz-y-ts0carboline 


4-Methyl-2 | 3-benz-y-ssocarboline (0-5 g) and excess of 2-diethylaminoethyl chloride were heated in 
nitrobenzene (20 ¢ c.) for 6 hours under reflux and set asice at room temperature overnight. The cooled 
solution was filtered to remove some | 1 4 4-tetraethyipiperazinium dichloride and then diluted with 
light petroleam (b. p. 80-100"). The crystalline material which separated was washed with ether and 
dissolved in the mintmam amount of water This aqueous solution, treated with a saturated solution of 
potassium iodide, yielded a white precipitate which, recrystallised from ethanol, had m. p. 225°. This 
compound ¢methytl-1-2° diethylaminoethyl-2 - 3-benr-y»-carbolinium iodide was treated with methyl 
icxtide in nitrobearene at 100", and yielded |-2°*-iethylaminoethyl-2 : 3-benz-y-carboline dimethiodice 
m p. 276—278 identical (mixed m. p) with the compound prepared by the previous method 


bthyl p Antsedimomethylsnemaionate The otf obtained by heating p-anisidine (31 g.) and ethyl 
ethoxymethvienemalonate (54 ¢) for 45 minutes on the steam-bath was freed from alcohol and tri- 
turated with light petroleum. On long storage the oil solidified and, although difficult to purify, eventually 
recrystallised from light petrolenm (b p. 80-100") in large irregular prisms, m. p. 38-—40° (Found 
©, 6b: H.@2; N48. C,H OLN requires C, 61-4; H,6-5; N, 48%) 

4-0 Aminoantiine-6-methoryguimoline —When 4¢chloro-é-methoxyquinoline (cf. Price and Roberts, 
foe. ext.) (3-9 g.) and ophenylenediamine (2-16 ¢.) were heated together at 140° under reduced pressure a 
briak reaction took place and the mixture solidified The solid was extracted with boiling water; the 
hot solution was filtered and basified with aqueous ammonia, recrystallised from benzene, the compound 
formed colourless rectangular plates, m. p. 192° (Found: C, 72-3; H, 5-6; N, 1&7. C,,H,,ON, 
requires C, 72-56; H, 5-7; N_ 15-85%) 

6- Methory-4 | hemstriarol-1-v!\ quinoline To a solution of the preceding base (3-5 ¢) in x-hydro- 
chlertc acid (100 ¢.¢.), a solution of exdium nitrite (1-15 ¢ in 5c.c. of water) was added until a slight excess 
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was present. The solution was set aside for 2 hours at room temperature, after which the 
rochlonde . —~Keeendn ty aqueous solution of the 





was poured into a large volame of water, and aqueous ammonia added to 
ae which was dried and purified - its dihydrochloride, m. p. 310 

*yeH yON,, 2HCLO-75H,O requires C, 57-4; H, 465%) Lge base, regenerated from tts bydrochioride 
and recrystallised from pyridine, had m. p. 315° (Found: C, 770; H, #8; N, thd. Cy.H ON, 
requires ©, 77-4; H, 4-8; N, 113% 

In one << e»' the product "ol this reaction proved to be 4-emi/ino-6-methoryquenolime (Found 
C, 76-4, H, ON, requires C, 76-8; H, 5-6%), which did not depress the m. p. of a specimen 
prepared as decribed blow 

4 faslno-6-methoryquimolne —Aniline (0-5 g) and 4-chloro-6-methoxyquinoline (1 g.) were heated! 
together at 100° in the presence of a trace of copper bronze for 3 hours. After cooling, the melt was 
dissolved im dilute hydrochloric acid from which 4-anilino-6-methoxyquinoline was precipitated by 
aqueous ammonia. Recrystallised from ethanol, it formed yellow prisms, m. p. 220° (Pound 
C, 76-5; H, 64 N, 10-9. C,,H,,ON, requires C, 76-8; H, 5-6; N, 11-2 %) 

2'-Methoxy-4-2"'-diethylamsncethyl- 2. 3- bemz-y-isacarbolime —2’-Methoxy-2 . 3-benz-y sestatine (0-5 
g.) and 2-diethylaminoethyl chloride in = were heated at 100° for 6 hours. The precipitate 
obtained on dilution of the cold solution with light petroleum was dissolved in water and basihed with 
aqueous sodium hydroxide, and the resulting yellow oil extracted with ether. The ethereal extract was 
dried (Na,SO,), and the solvent removed, leaving a yellow oil which did not crystallise. The bis-3: 5 
eae rate ot - wy recrystallised from ethanol, formed white prisms, m. p. 268° (Pound : 

, H, 40; N, 123. C,,H,,ON, 2C,H,O.N, requires ©, 56-0; H, 43; N, 12-7%) 

6 c Alora 4-0-ami noaniinoguimoline ——4 6-Dichloroquinoline (9-9 é and o pheny lenediamine | 54 £) 
were heated under the conditions used for the methoxy-derivative, © reaction took place, but in t 
presence of a trace of copper bronze reaction occurred. The product was worked up as described for the 
aa fm pw the bese, recrystallised from ligne petroleum, formed irregular plates, m. p 
186--187° (Found: C, 66-8; H, 435, N,153. C,H op ke owed = 66-8; H, wry N, 15-6%) 

NN’-Di-(6-chloro- <. winolyl)-o phenylenediamune - 4'Chloro-4-0 aminophenylaminoquinoline (0-54 g.) 
and 4: 6-dichloroquinoline (0-4 g.) were heated together under reduced pressure at 140° for 30 minutes 
in the presence of copper. The product was extracted with dilate hydrochloric acid (5%), and the solu- 
tion basified, to yield a white precipitate of NN’-ds-(6-cAloro-4-quinolyl)-o-phenylenediamene ; recrystallised 
from nitrobenzene, this formed white needles, m. p. 342—344" (Found: C, 67-2; H, 3-5; N, 12-75 
CyH, NC), requires C, 66-8; HM, 3-7; N, 13-09%). The compound was also occasionally obtained as a 
by-product (highly insolable in ethanol) in the Preparation of 6-chioro-4-o-aminoanilinoguinoline 

\ solution of this pentacyclic compound (0-55 g.) in nitrobenzene was treated with methyl! sulphate 

1 g.) at 130° for 2 hours under reflux. When the product was set aside at room temperature a dark 
red oil separated which was extracted several times with water, the combined aqueous extracts were 
concentrated to small volume Addition of a saturated solution of potassium iodide yielded 
a yellow precipitate of the dimethiodide, m. p. 330—332° (from water) (Found: C, 41-4; H, 32 

Coll eX Oly. PCH, 2H,O requires C, 41-6; H, 3-6%). The aqueous solution, basified with concentrated 
sodium hy« foxide solution, gave an orange precipitate 

6-Chloro-4-(benztriazol-1-yl)quinoline.—A solution of 6-chloro-4-c-aminoanilinoquinoline (6-7 g.) in 
n-hydrochloric acid at 100° was treated with sodium nitrite as for the methoxy-analogue. After 2 hours’ 
storage at room temperature, the white gelatinous precipitate of the bydrochloride was filtered off, and 
the base apentes and recry ws trom ethanol; it yielded k white needles, m. p. 185--186° 
Found 641; H, 29; N, 197. C..HN,Cl requires C, 642; H, 3-2; N, 19-09%). 

> Chtor 2: 3-benz y- carboline.—6- oro 4-(benztriazol-!-yi)quinoline (2 g¢.) was heated in boiling 
syrupy 40 acid (10 ¢.c.) until evolution of nitrogen ceased. 2'-Chloro-2 : 3-bens-y-carboline, 

obtained by bastfication of the diluted solution with aqueous ammonia, crystallised from pyridine in 
=e white needles, subliming, without melting, at >360° (Found: C, 7i4; H, 34, N, 109 

CysHyN Cl requires C, 71-3; H, 3-6; N, 11-19%). 

2°-Chloro-4-methy!-2 : 3-benz-y-isocarboline.-From 2*-chioro-2 : 3-benz-y-carboline (0-5 g.) and an 
excess of methyl iodide in nitrobenzene at 100°, a crystalline methiodide separated which, recrystallised 
trom water, melted at 225 An aqueuus solution of this methiodide was basified with sodium hydroxide, 
to yield a yellow base which after being washed and dried was recrystallised from benzene. Dried in a 
vacuum at 80° for 4 hours over P,O,, 15-chloro-4-methyl-2 : 3-benz-y-isccarboline melted at 245° (Found ; 
C, 67-3; H. 43. C,,H,.N,CLH,D requires C, 67-5; H, 455%) 

2’-Chloro-4-2” -diethylaminoethyl-2 : 3-benz-y-isocarboline—-A_ solution of  2’-chioro-2 : 3-benz-y- 
carboline (0-25 g.) in nitrobenzene (50 cc.) was heated with 2-diethylaminoethy! chioride (02 g.) for ® 
hours. The precipitate which formed on cooling and storage overnight at room temperature was 

. dissolved in water, and treated with aqueous ammonia hydroxide. The base, thus formed, 
was as & yellow solid, which, when recrystallised from ethanol, softened at 40° and melted at 69—T71" 
After drying in a vacuum over potassium hydroxide and recrystallrsa tion from dry light roleum 
(>. p. 60—80") the ee a Lo at 125-126" (Found: C, 71-4; H, 59; N, 118. C,H NYCI 
requires C, 71-7; H, 63; 11 ey 

2’-Caloro-1- ‘¥- cedolentoctet peers oe ry chloride 
chloro-2 : 3- benz-y-carboline g.) in toluene 
heated at 70° for 30 minutes and then at 115° for a further 30 minutes, and refluxed at | 
After the mixture had been cooled water was added, the insoluble material removed by filtration, and 
toluene layer separated and extracted with 5% acetic acid, from i 
aqueous ammonia. The ethereal solution of the base was dried (K,CO,) 
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residue, recrystallised from aqpenne cihenst, had m. p. 114-115" (Pound: C, 71-3; H, -— N, 11-6. 
Cyigh (1 requires C, 71-7; H, 63, N wks | base w= a white crystalline 
the m. p. of 2’ -chloro-4-2'’-dtethylaminoethy! 3 henz-y-tsocarboline (m. p. 125—126°) Gesutbed above. 
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116. Compounds related to Thiosemicarbazide. Part IV. 
5-Amino-3-phenyl-1 : 2 : 4-triazoles. 
By Erxtc Hoocartn. 


1 -Bensoy)- S-methyliscthiosemicarbazides (Part ITT) are cyclised by boiling with alcoholic 
solutions of organic bases to give a mixture of the 2-amino-5-pheny!-1 : 3: 4-oxadiazole and 
6-methyithio-3-phenyl-1 : 2: 4-triazole. Piperkiine differs from the other amines examined 
in giving also some of the b-amino-3-phenyl-1 : 2: 4-triazole. A new route to the amino-triazoles 
has been found in the reaction of S-methyliscthiourea with benzhydrazides, followed by 
cyclisation of the resultant benzamidoguankiines 


Accorpine to Benack (Dissert., Munich, 1896, quoted in “ Beilstein,” First Suppl. Vol., 26, 
45) S-amino-3-phenyl-1: 2: 4-triazole (1; K Ph) is formed by heating aminoguanidine 
carbonate with benzoyl! chloride. This method was found unsatisfactory and it seemed possible 
that I-benzoy!-S-methylisothiosemicarbazide (11; K «~ Ph) (Part LIT, J., 1949, 1918) might 
react with ammonia or primary or secondary amines to give the benzamidoguanidine (111!) 
of the corresponding alky! derivatives of (111), which, it was expected, would be readily cyclised 
to 6-amino-3-pheny}!-1 : 2: 4-triazoles 


RCU'NEEN CNH, 
i 


bMe RCONH-NICINH,), 


" ut rv Vv) 


When (II; K « Ph) was heated with alcoholic ammonia, tsopropylamine, or diethylamine 
2-amino-5-phenyl!-1 : 3: 4-oxadiazole (IV; K = Ph) and 5-methylthio-3-pheny!-1! : 2: 4-tri 
azole (V; RK « Ph) were formed in each case. The same reaction was observed when the 
tertiary bases, pyridine or triethylamine, were used. The p-anisoy!l compound (II; R 
pP-MeO-C,11,) with ammonia or triethylamine gave the corresponding oxadiazole and triazole, 
but the amount of the latter product was small. 5-Methylthio-3-p-chloropheny!-1 : 2 : 4-triazole 
was obtained by the action of triethylamine on 1-p-chlorobenzoy!-S-methy|isothiosemicarbazide 
and also by methylation of the corresponding thiol. These results are in contrast to the 
behaviour of 1-benzoyl-S-methylisothiosemicarbazides with alcoholic solutions of sodium 
alkoxides (Part III) which under similar conditions give 5-alkoxy-3-phenyl-1 : 2 : 4-triazoles 
However, the crude alkoxy-triazoles, prepared in this way, were found to contain a small amount 
of sulphur which was difficult to remove by crystallisation and necessitated a method of purifica 
ation involving dissolution in acids and alkalis. It is probable that small amounts of the 
methylthio-triazoles were formed in this reaction. Since the parent I-benzoy!thiosemicarbazides 
give the same product (i.¢., 3-phenyl-1 : 2 : 4-triazole-5-thiols) with alcoholic solutions of organi 
bases or sodium alkoxides (Part II, /., 1949, 1163) it might be supposed that the 5-alkoxytriazoles 
were farmed by the action of sodium alkoxides on 5-methylthio-triazoles. This was disproved 
by showing that 5-methylthio-3-phenyl-1: 2: 4-triazole was recovered unchanged after long 
refluxing with sodium ethoxide solution he same methylthio-group has been shown (Part I, 
J., 1949, 1160) not to be replaced on heating the sabstance with amines and it has now been 
ybserved that 5-methoxy-3-p-methoxyphenyl-1 : 2: 4-triazole is not attacked by hot ammonia. 

In the above reactions of 1-benzoy!-S-methylsothiosemicarbazides with amines, separation 
of the products was readily effected by dissolution of the triazole in sodium hydroxide solution 
In each case, the crude triazole when precipitated from the clarified alkaline solution, had 
approximately the expected sulphur content. However, when piperidine was used as the amine, 
the triazole fraction had much less than half of the expected amount of sulphur and was eventually 
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qupesntes into 5-methy!thio-3-phenyl-1 : 2: 4-triazole (V; RK = Ph) and 5-piperidino-3-phenyil- 
1: 2: 4-triazole, which have very similar solubilities. 

Bencamidequanidines (Ill; R = Ph, p-MeO-C,H,, or p-C,H,Cl) were obtained by warming 
the corresponding benzhydrazides with S-methylisothiourea sulphate and alkali, and the 
compound (III; R = Ph) was also obtained by treatment of aminoguanidine with benzoyl 
chloride in cold pyridine. These compounds are readily cyclised with loss of water on 
being heated just below their melting points and in this manner very satisfactory yields oi 
5-amino-3-phenyl-, 5-am:no-3-p-methoxyphenyl-, and 5-amino-3-p-chlorophenyi-1 : 2. 4-triazole 
(I; R« Ph, p-MeO-C,H,, or p-C,H,Cl) were obtained. This cyclisation was also carried out 
with an alcoholic solution of sodium ethoxide (in moderate yield) but could not be effected with 
sulphuric or phosphoric acid (cf. the cyclisation of 1-benzoylthiosemicarbazides, Part I1). 

When benzhydrazide was treated with S-methyl-N N-pentamethyleneisothiourea, 5-piperi- 
dino-3-phenyl-1 : 2: 4-triazole was formed directly. The intermediate benzamidoguanidine 
in this case appears to be cyclised during the isolation, The corresponding p-methoxyphenyl 
compound was obtained by using p-anishydrazide. 


EXPERIMENTAL. 


Reaction of 1-Benzoyl-S- methylisothiosemicarbaride with Ammonia.—-The S-methyli sothiosemicarhazide 
4-2 g.) and alcohol (25 c.c.) containing dry ammonia gas (1-9 g.) were set aside for 12 hours and then 
refluxed for 4 hours. The solvent was evaporated under reduced pressure, and the residue triturated 
with N-sodium hydroxide (50 c.c.) and filtered. The insoluble residue, which was sul eae-free (2-3 g.; 
m. p. 236°), was crystallised from alcohol, giving colourless — (1-8 g.) of 2-amino- yi: 3:4 
oxadiazole, m. p. 243°, not depressed by an authentic imen (Fehrenbach and Stolle, J. pr. Chem., 
1929, 122, 289). The original filtrate was Ty jay acid with acetic acid, and the precipitate collected 
(0-9 g.; m. p. 158—160°) (Found: 5S, 15-8 rey from water containing a little alcohol, 
giving colourless plates (0-6 g.) of PEt. Key “phenyl : 2: 4-triazole, m. p. 162° (Part I, loc. cit.) 
(Found : C, 56-4; H, 43; S170. Cale. for C,H,N,S: C, ios: H, #7; S, 16-75%) 

With isopropylamine (5-0 c.c.) in place of ammonia in ‘the above experiment, the amino oxadiazole 
(20 g.; m. p. 243°) and the methylthio-triazole (0-5 g.; m. p. 161") were isolated. With diethylamine, 
triethylamine, or pyridine very similar results were obtained. The percentages of sulphur in the crude 
alkali-soluble fractions from these and the preceding experiment were 16-0, 16-7, 16-2, and 16-3 
respectively. 

Reaction of \-Bensoyl-S-methylisothiosemicarbaride with Pi ime.-When the above experiment 
was repeated using piperidine (4-0 o-. ) in place of ammonaa, t rg ag ; m. p. 240°) 
was isolated as previously (Found , 996; H, 44. Cale. for C,H,0 C, 50-4; 4 39), 
crude alkali-soluble fraction (1-4 g.; : p- 136—140" ) (Found: §, 7. Ts" was rubbed in a mortar with 
x-hydrochloric acid (10 c.c.) for | minute and quickly filtered (the whole dissolved on rubbing with twice 
as much acid for 15 minutes). The residue (¢ O38 ?. 152—154*) (Found : S, 15-6%) was crystallised 
twice from aqueous alcohol giving eceuchass tastiest g.) of the met’ y!thio-triazole, m. p. 162° (Pound : 
C, 56-5; H, 46%). The acid extract was precipitated with potassium hydrogen carbonate, the solid 
collected (1-0 g.; m. p. 170-—180°) (Found: S, 0-2%) and crystallised from benzene-light petroleum 
. + 60-—80°) and then twice from benzene giving colourless needles (0-5 g.) of 5-piperidmno-3-phenyl- 

4-triazole, m. p. 196° (Found: C, 68-7; H, 68; N, 246. C,,H,.N, requires C, 664; H, 70; 
j 246%) 

Reaction « of 1-p-Antsoyl-S-methylisothiosemicarbazide with Ammonia.—The S-methylisothiosemicarb- 
azide (4-8 g.) and alcohol (25 c.c.) containing ammonia (1-8 g.) gave the amino-oxadiazole (Part ITI, 
loc. ct.), which crystallised from alcohol in large colourless needles (2-8 g.), m 246-247", and the 
methylthio-triazole (Part II1, loc. cit.), which crystallised from aqueous alcohol in colourless leaflets 
(0-1 g.), m. p. 125° (Pound: C, 542; H, 48. Cale. for C,H,,ON,S: C, 543; H, 50%). A similar 
result was obtained by using triethylamine (6-3 c.c.) in place of the ammonia, and in both cases the methy!- 
thio-triazole was formed in smaller amounts and was more difficult to purify compared with corresponding 
reactions with |-benzoyl-S-methylisothiosemicarbazide. 

Reaction of 1-p-Chlorobenzoyl-S-methylisothiosemicarbaside with Triecthylamine —The S-methyliso- 
thiosemicarbazide (4-9 g.), alcohol (30 c.c.), and triethylamine (6-3 c.c.) gave, as above, the amino- 
oxadiazole (Part III, Joc. cit.) (2-1 g.) which crystallised from alcohol in colourless needles, m. p. 270°, 
and 5-methyithto-3-p-chlorophenyl-1 : 2: 4-triazole which crystallised from benzene in hard, refractive, 
colourless prisms (1:2 ¢.), m. p. 154° (Pound: C, 48-2; H, 3-5; 5S, 142. C,H,N,SCI requires C, 47-6; 
H, 3-5; S, 142%). The same methylthio-triazole was obtained by shaking the triazole-thiol (0-7 ¢.) 
with n-sodium hydroxide (5 c.c.), methyl iodide (0-3 ¢.c.), and alcohol (le.c.). The precipitate, crystal- 
lised from bensene Rave ¢ plourless peteme (0-5 g.), m. p. 153°, not depressed by the compound as prepared 
above (Found , 480; HL 36 

Attempt to cause b- Nethplubse. 3. ~phenyl- or 5&-Mcthoay-3-p-methoryphenyl-| : 2: 4-triazole to react with 
Sodium Ethoride and Ammonia, respectively —The methylthiotriazole (1-0 g.) was refluxed with a 
solution of sodiem (0-8 g.) in alcohol (30 c.c.) for 24 hours and evaporated under reduced pressure. The 
residue was made just acid with acetic acid, and the solid collected and crystallised from aqueous alcohol, 
giving colourless leaflets (1-6 g.), m. p. 161--162", not by admixture with starting maternal 

The methoxy-triazole (Part III, loc. cit.) (0-6 @.) alcohol (20 ¢.c.) cont (18e@) 
were heated in a sealed tube at 110° for 18 hours. residue left on SP ora of the solvent c rystal- 
lised from aqueous alcohol in colourless needles (0-35 g.), m. p. 168-—169", not depressed by admixture 
with starting material 
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hen rt 4 (iil; R« Ph).—(«) 5-Methylisoth iphate (13-0 ¢.) was added 
with stirring to ice-cold »-sodium hydroxide (160 c oo}. followed by beashy drassde (134 g.). After 
stor for 3-4 days at room t -y -y- were obtained after hoster times) the mixture 

wun toaty kented ( 00° ant hagt for © iuase at 
The reaction vessel was cooled in a freezing muxture, a rapid 
alter neu tralieation, the solid was collected, washed with water, and dona (1320 

dune was soluble in dilute acads but only sparingly soluble in sodmm hydroxide sited. 
and ¢ from water (charcoal) in large colourless refractive prisms, m. p. 184° (decomp.) (Found 
C, 844; H&S: N. 31-0 CMON, requires C, 539; H, 56: N. 31-56%). 

(b) Aminoguanidine A a carbonate (6-0 g.) in dry pyridine (50 c.c.) was cooled to 0° and stirred 
whilst freshly distilled benzoyl chloride (6-0 c.c.) was added during 0-6 hour. After 12 hours’ stirring at 
room temperature, the solvent was removed under reduced pressure, and the residue treated with water 
(0) «c.) and made strongly alkaline with 10n-sodium - ae a The solid was collected (3-4 ¢ 
m. p. 180-182") and crystallised from water giving large cx less prisms, m. p. 185° (decomp.) (Found 
Cc, fs ; H, &7%). The alkaline filtrates were examined for amino-triazole but only benzoic acid 
(i-4 6.; m. p. 121°) was wolated 

The following were obtained in good yield by method (4): p-anisamido- (111; R « p-MeO-C,H,), 
colourless prisms which effloresce on drying (from water), m. p. 218-220" (Found: C, 520; H, 5-9 
CoH yO N, requires C, 51-9; H, 58%), and p-cAlorobensamido-guanidime (111, RK = ~-C,H,Cl), colourless 
prisms (from aqueous alcohol), m. p. 194-196" (Found: C, 456: H, 43; N, 26-6. C,H,ON,CI requires 
t, 452; H,4@2: N, 264%). p-Chlorobenshydraside was much less soluble than the other hydrazides 
used and the reaction liquid was therefore diluted with an equal volume of alcohol and this solvent 
subsequently removed under reduced pressure = + so 

5 Amine B-phenyl-1 . 2: 4triazole (1; RK = —-{a) Benzamidoguanidine (5-0 g.) was heated in an 
of- bath at 220°. Water was eliminated with decrepitation o ol 5 minutes the residue was crystal 
lised from water, giving colouriess — needies (3 ), = J Ry 187°, not pes by a specimen 
stepaered as desorbed Benack ( ou.) (Found: 8, H, 49. Cale. for C,H,N,: C, 0-0; 
th 50%). Whea A Fd (18 ¢.) was added to sulphuric acid (98%; 20 c.c.) at 120° 
(with stirring), a sublimate of benzoic acid formed. After 0-5 hour's stirring, the mixture was poured 
on ice; the solid was collected (1:1 ¢ ; m. p. 118") and by crystallisation from water gave benzoic acid 
#6¢.; mp. 120"). The acid filtrates contained no diazotisable amine. A similar result was obtained 
with phosphoric acid phosphoric oxide 

(6) Benzamidoguanidine (1-6 g.) was reflaxed with a solution of sodium (1-6 g.) in alcohol (100 cc.) 
for 3 hours and the solvent removed under reduced pressure. Water (20 c.c.) was added, the small 
insoluble residue filtered off, and the filtrate made just acid with acetic acid. The precipitate (0-6 g.; 
m k 184") was collected and crystallised from water giving colourless neodies (0-4 ¢.), m. p. 186° (Found 

2; H, 523% 

The following were payee by method (4): 5-amino-3-p-methoryphenyi- (1; R -MeO-C,H, 
small colourless plates (from water), m. p. 224--2260° (Found. C, 57-1; H, 53. C,H ,.ON, requires C, 
56-8, H, 53%), and 5-amino-3-p-cAlorophenyl-1 2. 4-ériazole (1; R ,H,Cl), large colourless needles 
(from aqueous alcohol), m. p. 227.229" (Found . C,407; H,3-9. C,H,N,Cli requires C, 49-4; H, 3-6%) 

& Pipersdina 3 myl-l > 2. 4-triasole.-NN-Pentamethylenethiourea (60 g.) and water (10 cc.) 
were shaken together and freshly distilled methyl sulphate (6-0 g.) added. On slight warming of the 
mixture, a vigorous reaction occurred. The clear solution was refluxed for 0-5 hour and evaporated under 
reduced pressure. The syrup (which could not be crystallised) was cooled in a freezing mixture, and 
~eodium hydroxide added until the product was just alkaline to brilliant-yellow. Benzhydrazide 
(5-4 ¢.) was added, and after 3 days the reaction mixture was stirred and heated at 50° for 3 hours. The 
supernatant liquid was decanted from the sticky precipitate which was hardened by rubbing it with 

livthe 10% acetic ackl. The solid was collected (6-7 g.; m. p. 180°) and crystallised from aqueous 
alcohol, giving colourless needles (5-2 g.), m. p. 196-198", not depressed by the compound prepared as 
above (Found: (, 685, H, 69%) 

& Pipersdino 3- p metho yphenyt 1: 2: 4-¢riazole.This compownd, obtained as was the corresponding 
pheny! compound, crystallised from <P alcohol or benzene-light petroleum (b. p. 60-80") in 
colourless plate’rts, m. p. 206-208" (Found ,653; HL 69. Cy,H,ON, requires C, 65-1; H, 7-0%,) 
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117. Compounds related to Thiosemicarbazide. Part V. 
4: 5-Diamino-3-phenyl-4 : 1 : 2-triazole. 


By Eric Hoooarrn. 


1 4 Dibenzoyithiosemicarbazide reacts with hydrazine to give 3-pheny!-| | 2 4-triazole- 
5-thinl, benzhydrazide, and a compound C,H,N,, whose reactions indicate that it is 4. 5-diamino- 
3-paruyi-4 1: Driasole 


Tue work recorded here arose out of the observation mentioned in an earlier report (Part I, /., 
1949, 1160) that the hydrazine salt of 1 : 4-dibenzoy!thiosemicarbazide (I) was rapidly decom- 
posed in boiling alcohol with evolution of hydrogen sulphide. It was to be expected that 
hydrazine, in view of its basic nature, would cause a cyclisation of the dibenzoy! compound 
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corresponding to that observed with 1-benzoylthiosemicarbazides (Part II, /., 1649, 1163) 
and it was confirmed that with a solution of sodium in alcohol the expected cyclisation of 
(1) to 3-pheny!]-1 : 2 : 4-triazole-5-thiol (11) (and benzoic acid) occurred. However the evolution 
of hydrogen sulphide with use of hydrazine indicated that, at least in part, interaction with 
elimination of the (potential) thiol grouping was taking place. When 1 : 4-dibenzoyithio- 
semicarbazide was refluxed with hydrazine and alcohol, a white crystalline sublimate formed. 
This sublimate was very unstable but a little of it, washed out with water, gave tests for hydrazine 
and the sulphide ion; it was probably a salt of hydrazine and hydrogen sulphide. In a stream 
of nitrogen no sublimate formed and absorption in acidified lead acetate solution showed that 
less than 50% of the theoretical amount of hydrogen sulphide (supposing complete elimination) 
was actually evolved. The residual solution was shown to contain the triazole-thiol (II), 
benzhydrazide, and a compound C,H,N,, the formula of which is obtained by replacement of the 
thiol group by hydrazine and elimination of the elements of benzoic acid. It was shown that 


N— 1 Ph ¥- Pn 
Ph-CO-NH-NH-CS'NHCO-Ph HSN PhCONHN-NH-CO-Ph NHyNH\ AN 
i NHyNH hI 
(1) (IL) (Iv, 


KN  . No N 
H,N-N——>Ph y= pat fon 
HN\WN N Yo 
H 
VI) (VIt) (VII) 


the triazolethiol was completely inert towards hydrazine under the reaction conditions and it 
seemed therefore that this new compound arose by a cyclisation of the (hypothetical) dibenzoy!- 
diaminoguanidine (111). Of the three possible structures which must be considered (IV, V, 
and VI) the first two may be eliminated. 

5-Hydrazino-3-pheny!-1 : 2: 4-triazole (IV) was prepared (but not isolated) by Manchot 
(Ber., 1910, 48, 1312) and shown to form a well-defined monobenzylidene and related derivatives. 
The compound C,H,N, reacted with benzaldehyde or p-methoxybenzaldehyde in the presence 
of a little sodium hydroxide (but not in its absence) to give dibenzylidene and di-p-methory- 
benzylidene derivatives having melting points quite different from those of the benzylidene 
derivatives described by Manchot. Further evidence for the 4: 5-diamino-4: 1 : 2-triazole 
structure was found in the ready condensation with a-diketones (benzil, diacetyl) to give 
1:2:4:7: O-penta-azaindenes (VI1; RK = Ph or Me). Although these reactions seem con- 
clusive in favour of structure (VI) it is known that dihydro-1 ; 2; 4: 5-tetrazines are readily 
isomerised to N-aminotriazole derivatives. Thus Curtius, Darapsky, and Miller (Ber., 1907, 40, 
815) found that dihydro-1 : 2: 4: 5-tetrazine itself gave 4-amino-4: 1: 2-triazole on fusion. 
It was possible therefore, that the compound C,H,N, had the dihydrotetrazine structure (V) 
and was giving derivatives of (V1) under the influence of alkaline catalysts. This possibility 
was disproved by showing that the compound was unchanged by fusion and recovered from the 
dibenzylidene compounds, mentioned above, by hydrolysis. Dibydrotetrazines in general 
are very readily oxidised to the corresponding tetrazines, many of which have an intense purple 
colour. The compound C,H,N, did not develop such a colour with oxidising agents but when 
first isolated was purple, the intensity varying from experiment to experiment. This colour, 
which may be ascribed to the oxidation of a trace of dihydrotetrazine contaminant, was lost 
on crystallisation. 

Under mild conditions, 4 : 5-diamino-3-pheny!-4 : ] : 2-triazole gave a monobenzoyi compound 
from which, by acid hydrolysis, the parent diamine could be recovered. By further reaction 
of the monobenzoy! derivative, or of the diamine with excess of benzoy! chloride, a substance 
CygH,,ON, was obtained, corresponding to a dibenzoyl compound less the elements of water. 
On hydrolysis of this a compound C,,H,,N, was obtained which probably has the triazolotriazole 
structure (VIII). 

EXPERIMENTAL. 

Reaction of 1: 4-Dibensoylthiosemicarbaride with Sodium Ethoride Solution —The dib 
3-8 ¢.) was refluxed with a solution of sodium (1-2 g.) in alcohol (50 c.c.) until the — 
cipitate (the sodium salt of the dibenzoyl c nd) had d (ca. 16 hours) 
precipitated sodium benzoate (1-8 5) was © j and d in water, and the benzoic acid pre- 
cipitated with acid (1-2g.: m.p. 119—120°). The initial filtrate was ev ted under reduced pressure, 
and the residue dissolved in water (30 c.c.), filtered (charcoal), and itated with hydrochloric acid 
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The 3-phenyl-l : 2: 4-triazole-S-thicl (20 g.; m. 255-256") was crystallised from water, giving 
colourless needles (1-6 g.), m. p. and mixed m. p. 257° (Part 1, loc. cst.) (Pound: C, 543; H, 40. 
Cale. for CHNS: C, 542; H, 40%). 

Reaction of | 4-Dibensoylthosemucarbande with Hydranne —-A mixture of the dibenzoyl compound 
60), alcohol (4) cc), and bydrazine hydrate (60 ¢.c of 50%) was refuxed in a stream of nitrogen 
until evolution of hydrogen sulphide ceased (8-9 hours), The effluent gas was washed in acidified lead 
acetate solution, and the lead sulphide collected in a Gooch crucible and dried at 110° (224). The 
residual solution was evaporated under reduced pressure, the residue dissolved in water (50 «.c.), and 
hydrochloric ackl was added, with good cooling, until the mixture was just acid to Congo-red paper 
The precipitate (21 ¢.; m. p. 235-240") was crystallised twice from water, giving colourless needles 
(@7 ¢.) of S-phenyl-l : 2: 4triazole-5-thicl, m. p. 266-—257" (Found: C, 54-5; H, 43%). The acid 
hitrates were evaporated under reduced pressure, the residue was cooled strongly, and 40% potassum 
hydroxide solution (10 ¢c) was added. The pink-tinged solid was collected (0-4 g.), washed with a 
little ke-water, and crystallised from water or alcohol, giving large colourless plates of 4. 5-diamino- 
S-phenyl-4 : 1: Dtriazole (0-25 g.), m. p. 224° (Found: C, 56-1; H, 63; N, 306. C.H,N, requires C, 
49, H, &1; N, 400%). The alkaline filtrates were cooled, made just acid with 10%, acetic acid, and 
evaporated under reduced pressure. The dry residue was extracted with chloroform, and the extracts 
were dried and evaporated, giving benzhydrazide (2-6 g.) which crystallised from benzene as colourless 
plates, m. p. and mixed m. p. 113° (Found: C, 61-9; H, 50. Cale. for C,H,ON,: C, 61-8; H, 5-9%) 

The diamine (0-4 ¢.) was melted in an oil-bath at 230° for 15 minutes, cooled, and crystallised from 
water, giving colourless plates (0-3 g.), m. p. 224°, not depressed by the original substance 

Atlempt to cause 3-Phemyi-| : 2: 4-triazoie-5-thiol to react with Hydrazime.—The thiol (1-8 ¢.), hydrazine 
hydrate (5-0 ¢.c. of 50%), and alcohol (50 ¢.c.) were refluxed for 36 hours. No hydrogen sulphide was 
evolved. The solvents were removed under reduced pressure, and water (25 cc.) was added, followed by 
hydrochloric acid until the mixture was acid to Congo-red. The precipitate (1-5 g.; m. p. 258") crystal- 
lised from water as colourless plates (1-0 ¢.). m. p. 258°, not depressed by the original thiol 

4. 5 Bishenrylidencamino-3-phemyl-\ : 2. 4-triasole. —The diamino-compound (1-0 g.), freshly distilled 
benzaldehyde (14 ¢.¢.), alcohol (20 ¢.c.), and potassium hydroxide (0-1 g.) were refluxed together for 
© 5 howrs, ilttered quickly, and allowed to crystallse. The pale yellow crystals of bishenrylidencaminc 
compound (1-0 ¢.) were collected and recrystallised from alcohol, giving yellow needles (0-6 g.), m. p 
202-203" (Found: C, 751; H, 50; N, 203. C,,H.,N, requires C, 75-2; H, 48; N, 200%). There 
was fo precipitate when the same mixture but without the potassiam hydroxde was boiled for 24 hours 
This compound (0-3 g.) was boiled for | minute with concentrated hydrochloric acid (5 ¢.c.), and excess 
of acid evaporated in a dish. »-Hydrochioric acid (5 c.c.) was added, the oily drops of benzaldehyde 
were removed with ether, and the residual aqueous solution was clarified (charcoal) and treated with 
40%, potassiom hydroxide solution. The pearly leaflets precipitated were collected, washed with ice- 
water, and crystallised from water, giving colourless plates (0-1 g.), m. p. 225°, not depressed by admixture 
with the diamine (Found: C, 54-56; H, 51%) 


By use of p- methoxybenzaldehvde in place of benzaldehyde, the corresponding 4 | 5-bis-p-methory 
beneylidencamimne-triasole was obtained as yellow clumps of needles (1-0 g.), m p. 165° (from alcohol) 
Found: C, 699; H, 46; N, 17-1 Coattay’ N, requires C, 70-1; H, &1; N, 17-0% Hydrolysis of 


this compound with acid gave p-methoxy 
m. p. 225 

3:5: 6 Triphenyl-1 2:4: 7: O-penta-asaindene (VIL; R ~ Ph).—The diamine (1-4 ¢.), benzil 
1-2 ¢.), and alcohol (30 cc.) were refluxed for 12 hours and cooled, whereupon benzil (1-0 ¢ only) 
separated. The original mixture, but with the addition of sodium hydroxide (0-05 g ), became intensely 
yellow on heating, and crystals separated. ‘After | hour, the mixture was cooled, and the solid collected 
and crystallised from 2-ethoxyethanol giving the penta-aramndene as square, deep-yeilow plates (1-0 ¢.), 
m. Pp 250° (Found : C. 74-6: H. 46: N, 20-1 CyHN, requires C, 76-6; H, 43; N, 20-1%) 

3-Phenyl-5 : O-dimethyl.1 > 2.4° 7: O-penta-azaindene (VIL; R = Me).-The above experiment 
was repeated with diacetyl! (1-0 ¢.) in place of benzil, giving a yellow product which crystallised from 
aqueous diethyliormamide in long deep-yellow needles (0-6 g.), m. p. 203° (Found: C, 64-2; H, 46; 
N, Sil. CH N, requires C, 64-0; HH, 40; N, 31-1% 

iction of Benzoyl Chloride om 4° 5-Diamino-3-phenyi-4 : 1 : 2-triazole.-The diamine (1:8 g.) was dis- 
solved in dry pyridine (75 ¢.c.) at 80° and a solution of benzoyl chloride (1-5 g.) in dry pyridine (10 c.c.) 
added with shaking After 10 minutes, the pyridine was evaporated under reduced pressure, the residue 
treated with water (100 ¢.¢), and the solid collected, washed with water, and dried at 100° (3.0 @ ; my 
258 From aleohol, in which it is not very soluble, this benzov! derivative crystallised in colourless 
leaflets, m. p. 264-266" (Found: C, 641; H, 49; N, 25-2. C,.H,ON, requires C, 646-6; H, 47 
N, 25-1%, The same compound was obtained by rubbing the diamine (0-5 g.) with benzoyl chloride 
0-5 g.), whereupon a vigorous reaction took place. Pyridine (1 c.c.) was added, the mixture cautiously 
warmed to effect dissolution, and ice and water (20 g.) were added. The solid was collected and crystal 
heed as above, giving colourless leaflets (0-4 ¢.), m. p. 266 This compound (0-75 g.) was refluxed with 
2-ethoxvethanal (15 ¢.c.) and concentrated hydrochloric ackl (245 cc.) for 65 hour and the solvent 
removed under reduced pressure. The residue was treated with n-sodium hydroxide (5 cx and the 
solid collected and crystallised from water, giving colourless plates (0-25 ¢), m. p. 224°, not depressed 


venzaldehyde and the original diamine, m. p. and mixed 


n admixture with the diamine The benzoyl compound was stable to ix ling x-sodiam hydroxide 
giving m cooling, a crystalline sodium salt from which the original benzoy! compound was recovered 
by dixealation in N-bydrochione acid and peutralisation with potasssum hydrogen carbonate 

The above benzoyl compound (0-5 g.), benzoyl chloride (1 ¢« and dry pyridine (10 c.c.) were re 
fluxed for 12 hours. Water (15 ¢.c.) was added (too much water precipitated a tar), and the solid col 
lected and washed, until nearly colourless, with alcohol. From alcohol the substance crystallised in 
colourless needles (0-4 ¢.), m. p. 196" (Found: C, 722; H, 40. C,,H,,ON, requires C, 72-3; H, 41% 
The same substance was obtained from the original diamine (0-5 ¢ benzoyl chloride (1-4) c.c.), and 
pyridine (10 ¢.c.), and crystallised from alcohol in colourless needles (0-45 ¢), m. p. 196—108° (Found 
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C, 724; H, 42%). This substance (2-8 g.), concentrated hydrochloric acid (54 c.c.), and 2-ethoxy 
ethanol (50 c.c.) were refluxed for 3 hours. The solvent was removed wader reduc 

residue dissolved in water (100 cc.) and neutralised with potassum hyd 

was collected (24 g.; m. p. 230-~235") and crystallised from alcohol, giving (?) 5 5'-diphewyi-2 3a 
hydro-4 : 1" : 2 -triazolo(@’ : 3-2: 3)-1 : 2 G-tricoale (VIII) as colourless felted needles (1-5 ¢ m Pp 
257° (Foend: C, 66-6; H, 45; N, 27-1. Cy.H, N, requires C, 690; H, @2; N, 26-86%) 


Iuezerat Canmicat Inpvstarms Limrrep (Researcn Laporatorres), 
Biackiey, Mancwester, 0 Recetved, Nooember 11th, 1949.) 


118. Covalency, Co-ordination, and Chelation. Part ITI. 
By W. J. Lite and R. C. Menzies 


The changes in covalency on passing from quadrivalent platinum benem, tery alent gold 
to bivalent mercury are discussed with reference to the derived organometall atoms 
and ions and the additive compounds of some of the latter with amines. The further changes 
proceeding to tervalent thalhum, quadrivalent lead, and bismuth are outlined 

Semilar changes passing down sub-groups Ills, 1Ve, and Ve to the same metals are also 
discussed. A few Ulustrative experiments are described 





Tue co-ordination numbers (C.N.) characteristic of the elements from Os (76) to Po (84) in 
their highest valency states are now well established in inorganic compounds, and pass from a 
maximum of 8 at osmium (as in OsF,) through 6 (IrF,, [PtCl,)”) to a minimum of 4 in gold 

g., (Au en,)Br,, and in mercury, ¢.g., [Hgl,)". Beyond this point the maximum C.N. remains 
at 6 for the next three elements, as shown by the thalli-, plumbi-, and bismuthi-chioride ions, 
rising finally to 8 again in the acetylacetone derivative of polonium (Servigne, Compt. rend 

1933, 196, 264) 

In lower-valency states a minimum of 2 is found in the same place, as illustrated by 
(Au,2CS(NH,),)Cl, and by the fact that mercurous chloride does not add pyridine, but is 
decomposed by it, giving mercury and the pyridine complex of mercuric chloride (Lang, Ber., 
1888, 21, 1578). 

Definite organo-metallic compounds of osmium and iridium have not yet been described, 
although Lichtenwalter (Thesis, lowa State College, 1939, pp. 59, 60) obtained smal! amounts 
of amorphous materia! containing carbon and meta! when the trichlorides were treated with 
phenylmagnesium bromide. 

In all its compounds, inorganic, organic and complex, quadrivalent platinum has a 
co-ordination number of 6, the bonds being directed to the corners of an octahedron (Werner, 
Vierteljahrschrift Naturf. Ges., Zurich, 1917, 62, 553). Where one atom of quadrivalent 
platinum appears to be surrounded by less than six other atoms or groups, as in the trimethyl 
platinum halides (Part I, /., 1933, 1292), association always occurs. Again trimethylplatinum 
acetylacetone, the single formula for which suggests a co-ordination number of 5 for the metal, 
was shown (J., 1928, 565) to be bimolecular in benzene, as were later the ethy! acetoacetate and 
dipropionylmethane derivatives (J., 1933, 21). Another example of the same behaviour has 
now been provided by the new monopyridine derivative of trimethylplatinic iodide (Gibson 
Ewens, and Foss, Nature, 1948, 162, 693), which is also bimolecular in benzene 

The 6-co-valency of quadrivalent platinum, in three dimensions, and the stability of its 
methy! compounds and of its co-ordination compounds with $-diketones, with ammonia, and 
with organic amines, are all well established, both organic and organometallic compounds being 
built on the same plan 

The work of Gibson and his school on the organic derivatives of gold, summarised in his 
Presidential Address to the British Association (Cambridge, 1938), has established that tervalent 
gold is 4-co-ordinate in its inorganic, organic, and complex compounds, the metal lying at the 
centre of a square and the other atoms or groups at the four corners. Brain and Gibson, in 
particular (J., 1939, 765), attempted, but failed, to prepare a stable compound containing 
5-co-ordinate auric gold. All that has been said about quadrivalent platinum and the octa- 
hedron may, with equal truth, be said about tervalent gold and the square. Moreover, within 
the framework of the above, both gold and platinum in both their inorganic and organometallic 
compounds form well-defined and stable compounds with $-diketones and with amines, the 
stability of their derivatives with ethylenediamine having been again demonstrated by Gilman 
and Wood's preparation (J. Amer. Chem. Soc., 1948, 70, 550) of bistrimethyigold-ethylenediamine, 
decomposing at 94--98°, while their trimethylgold from which it is derived decomposes 
below — 40°. 

$8 
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The organometallic compounds of mercury (¢.g., diphenylmercury, alkyimercury halides) do 
not form stable compounds with cither $-diketones or amines, although they are soluble in 
pyridine and ethylenediamine, from which they are recovered unchanged. Evidence of 
combination is, however, provided by Maynard and Howard's observation (/., 1923, 123, 963) 
that the conductivity of an aqueous solution of methylmercury acetate was increased by the 
addition of pyridine. This suggests co-ordinate combination of the pyridine and the methy!- 
mercury group and extrusion of the acid radical as an ion, leaving the C.N. of mercury 
anchanged. There is yet no evidence that mercury in its organometallic derivatives ever has a 
higher covalency than 2 

Both valency and co-ordination number of organometallic compounds thus decrease on 
approaching mercury, and on passing beyond it a new and different structure appears, of which 
the strongly alkaline nature of the thallous and dialkyithallium hydroxides is an early indication, 
as is the reactivity of the third alky! group in the trialkylithallium compounds. These changes 
resemble those found on passing towards and beyond an inert gas (cf. Berry and Lowry, /., 
1928, 1765; Hartmann, Z. Naturforsch., 1947, 2, a, 489). The mercury atom and the thalious 
ion are related as are argon and potassium, and the mercury dialkyls to the dialkylthallium ions 
as methane to the ammonium ion. 

The alkyimercury halides and the dialkylithallium ions differ from the trialky! derivatives of 
platinum and from the dialky! derivatives of gold, but resemble each other, in not forming 
stable compounds with pyridine or with ethylenediamine; both, however, are soluble in these 
solvents. In the compounds of platinum and gold, the forces attaching these addenda to the 
molecule are of a higher order than those between solvent and solute. In the compounds of 
mercury, thallium, and lead, they are of the same order, organometallic lead complexes with 
pyridine and ammonia being unstable; thus diphenyl-lead dibromide forms a compound with 
tour molecules of pyridine which is described as being stable in a pyridine atmosphere, and also 
with two molecules of ammonia, which can be removed by the passage of air (Pfeiffer, Truskier, 
and Disselkamp, Ber, 1916, 49, 2448). This is a contrast to the behaviour of the dipyridyl 
derivative of trimethyiplatinum iodide, which, as described in Part II (Lile and Menzies, j., 
1049, 1148), is unattacked by boiling with dilute acetic or hydrochloric acid, 2N-ammonia, or 
sodium hydroxide. This decrease of the power of attachment is general. Tetramethy!- 
platinum, for instance, is unafiected by iodine, but the tetra-alky! derivatives of lead are readily 
decomposed by it. The trialkylbismuths are spontaneously inflammabie in air. 

Tetramethy!platinum, again, has no melting point, and is tetrameric in the solid state. 
Diphenylmercury, trimethylthallium, tetraethy!-lead, and triphenylbismuth are all unimolecular 
(Ghira, Gassetia, 1894, 24, 312; Abbott, Doctoral Thesis, Iowa State College, 1942, p. 28; 
Menzies and Overton, /., 1933, 1202; Challenger and Goddard, /., 1920, 117, 771; see also 
p. 620) 

Although Challenger and Parker (/., 1931, 1462) and Challenger and Richards (J., 1934, 
409) have prepared pyridine derivatives of phenylthallium dihalides, and Molnikoff and 
Gratechewa (/. Russ. Phys. Chem. Soc., 1935, 67, 1768) those of ethyithallium dibromide, it is 
shown below that not only methylmercury iodide, but also dimethyl- and diethyl-thallium 
halides are recovered unchanged on adding water to their solutions in pyridine or ethylenediamine. 
It is also shown that diphenylmercury, triiphenyl-antimony and -bismuth, and tetraphenyl-lead 
separate unchanged from their solutions in organic solvents containing also ethylenediamine, 
i, under conditions which convert the trimethylplatinum and dialkylgold compounds into 
stable complexes. If thallium resembles mercury and differs from platinum and gold in not 
forming stable compounds with organic amines in its dialky! and diary! derivatives, it resembles 
them in forming the stable dialkyithallium derivatives of 5-diketones (Menzies, Sidgwick, 
Cutcliffe, and Fox, /., 1928, 1288). Here, as often, carrying a charge helps both initial attachment 
and subsequent co-ordination, the familar arrow being electrically supported near the target. 
These stable, volatile compounds display both the stable combination leading to definite and 
reproducible composition, and the less stable form involving forces of the same order as those 
involved in solution. Their association in benzene depends on the concentration (J., 1932, 
27¥4). The corresponding platinum compounds display double molecular weights in benzene 
at all concentrations. 

The elements and groups attached to the heavy metals preceding mercury are more firmly 
held and in more definite positions than those following it, around which also the form taken 
by co-ordination is frequently different. 4-Covalent quadrivalent lead, for example is tetra- 
hedral, but optically active lead compounds have not yet been described, racemisation after 
their attempted preparation possibly taking place on the lines suggested by Garner (Proc., 
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1912, 28, 67). This loosening becomes apparent on approaching thallium, lead, and bismuth. 
both from above and from the left. Practical applications of this have been made by Challenger 
and Ridgeway and by Goddard and Goddard (J., 1922, 121, 104, 256) who used tripheny! 
bismuth as a phenylating agent for the earlier members of Group V, and for mercuric and 
thallic chlorides. 


EXPERIMENTAL. 


Action of Lthylencdsamine and Pyridine on Methyimercery lodide —-The ethylenediamine used for 
this and for the dialkylthallium halides was part of a consignment of 384 Ib. purchased from the 
Beresworth Laboratories of Framlingham, Mass., early in 1937 and kept since in stop i bottles 
in 1949 it had become light brown and had taken up a little water. It was kept for a lew days over 
potassium hydroxide and then distilled twice from sodium wire. It then boiled at 116-—117°/760 mm 
and titration by »-sulphuric acid, with methyl-red as indicator, showed a purity of 96-7%. The 
pyridine used was d i from a good commercial sample, the fraction of b. p. 114°/745 mm. being 
used. The methylmercury iodide was the same sample as that used in Part 1; it melted at 142--145", 
and after drying (P,O,), at 145-146". A sample was dissolved in cold pyridine and reprecipitated by 
addition of water, after separation and drying (P,O,) it melted at 143-144". A sample was 
then dissolved in the above purified ethylenediamine, the solution boiled, and water added; a little 
sold separated out, ~? . after drying over sulphuric acid, 142°. On adding hydrochloric acid to the 
filtrate, much more « was again precipitated; m. p. (P,O,) 145°, mixed m. p. with original methyl 
mercury iodide 145——-1 

Precipitation on adding water is apparently much more complete with solutions of methylmercury 
iodide mm pyridine than with those in ethylenediamine. 

dctiom of Ethylenediamune on Dialkyl- and Lnaryl-thaliium Halides.—In most cases mixed m ps 
of the substances before and after recovery afford sufficient evidence of identity, but since the dimethyl! 
and diethy!-thallium halides have no m. p.s, another means of identification ts supplied by the unique 
and unexplained patterns formed by these substances on the surfaces of drops of their hot solutions 
cooled on a microscope slide (see Nature, 1931, 128, 907). All these halides are very soluble in anhydrous 
ethylenediamine, but in contrast to the behaviour of trimethyiplatinic iodide they are reprecipitated by 
water, and even if the haldes are boiled with the amine, on subsequent addition of water, the above 
patterns can be obtained just as if the amine had not been used, formation being occasionally facilitated 
in both cases by addition of a little of the corresponding alkali halide 

Diphenylthallium bromide does not form t patterns, but analysis of a sample dissolved in 
anhydrous ethylenediamine and then left until dry over sulphuric acid indicated that, apart from a 
little adhering ethylenediamine, it was recovered unchanged (Found: C, 33-9; H. 24; Br, 16-7; N, 
0-68. Calc. forC,,H,,.TiBr: C, 32-8; H, 2-3; Br, 18-24; N,0%. Calc. forC,, HH, TiBr,NH,CHyCHyNH 


N, 56%). The high carbon and low bromine figures are probably due to the presence of diphenyl 


thalliom chloride 

Pyridine has so long been used for recrystallisation of dialkyl- and diaryi-thallium halides that 
further evidence of their separating unchanged is unnecessary 

Action of Ethylenediamine on Triphenyiantimony, Triphenylhismuth, Diphenyimercury, and Trtra- 
phenyl-lead.—-Triphenylantimony (m. p. 51°) was a by the action of a bromide 
on freshly distilled antimony trichloride, b p. 216-—-217° (Pfeiffer and Heller, Ber, 1904, $7, 4621) 
The antimony was determined by beating with nitric and sulphuric acids, reduction by sulphur dioxide, 
boiling off excess of the latter, and iodometric titration (Found: Sb, 34-7, 34-5. Cale. for C,,.H,,Sb 
Sb, 345%). Triphenylbismeth (m. p. 78-5") was similarly prepared from phenylmagnessam bromide 
and bismuth trichloride (Pteifier and Pietsch, sbid., p. 4622). Tetraphenyl- and triphenyl-lead were 
prepared together by the action of phenylmagnesium bromide on chloride and separated by 
acetone, in which the latter is easily soluble, followed by recrystallisation from chloroform (Found, for 
triphenyl-lead : Pb, 47-5 (as sulphate). Cale for C,,H,,Pb: Pb, 472%. Found, for tetraphenyl 
lead: Pb, 30-1. Calc. for C,H Pb: Pb, 40-2%) 

Triphenylantimony, inse uble in hot aqueous ethylenediamine, dissolves readily in the anhydrous 
solvent. This solution, after addition of alcohol, was evaporated until solid separated, after 
recrystallisation from alcohol, this melted at 49-—50° (mixed m. p. with triphenylantimony, 49—51°) 

Action of Ethylenediamine on Other Phenyl- Metal Derwatives—-The compounds were dissolved in 
benzene, ethylenediamine added, and the solution evaporated to give a solid, as follows 


Compound Orginal ) Product 

PRIC,H,), White needles 

Bi(C,H,), White needles 

HgiC, Hy), White needles - 122 122—123 


Ethylenediamine therefore does not appear to attack phenyl-metal derivatives in the absence of an acid 
group 

Triphenylantimony dibromide was made (13 g., 90% id) by mixing solutions of triphenyl- 
antimony (10 g.) and a slight excess of bromine in light petr m, filtration, and recrystallisation from 
the same solvent (charcoal) ; m P 214—215° (Michaels and Reese, Annalen, 1886, 283, 48, gave m p. 216") 
(Pound: Sb, 24-3. Calc. for C,H, SbBr,: Sb, 23-86%). The high m. p. and uent stability are 
in contrast with the of triphenyl!bismuth , which decomposes in benzene 

Triphenylantimony dichloride was prepared as long colourless needles (up to § cm. long) ; 
m 143° (Found : Sb, 30-2, 20-9, 299. Calc. for : A,: Sb, 28-6%). 

nphenylantimony sulphide was prepared (theoretical yield) by passing hydrogen sulphide into a 
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cooled alcoholic wlution of triphenylantimony dibromide saturated with ammonia; m. p. 112 
(Kaufmann, loc. of.. p. 2765, gives m. p. 119--120") (Found: Sb, 31-4. Cak. for C,,H,,SbS: Sd, 
31-46%). The compound i» apparently more soluble in alcohol than stated by Kaufmann, 3-7 ¢ 
diseoiving readily in W cc. of boiling alcohol §= It crvetailises in needles on cooling. The alcoholk 
mother-hquors, on cooling, deposit large, colourless, rhombic plates, m. p. 51°, evidently of tripheny! 
antimony re-formed by decomposition of the sulphide. Similarly, a benzene-hexane solution depowts 
crystal af rhombic sulphur om standing for some days 

The similar treatment (Michaelis and Polis, Ber, 1887, 20, 57) of triphenylbiemuth dichloride oz 
dibromide leads to formation of tripheny! bismuth, ammonium halide, and sulphur 

The molecular weights of three of the above compounds were determined cryoscopically in benzenc 
with the following results 


Weight Weight of 
Compou ad rg benzene ig 4 VM, foun 
SbIC .H,), 7179 17 0619 Mas 
© Ono 16 ones 351-1 
17445 16 1-583 Me2 


SiC H,), Hr, 0eTe7 ia oS 536-4 
14544 ist Tos 531-1 
1-0257 is-2 ioe 530-8 


Sd(C,H,),8 2647 +196 458-5 


15 
4797 1S 0-380 428-7° 


* During the determinateon, some decomposition occurred, and the solution became milky 


Triphenylisemuth and sts Dichlonde -—-By passing chiorine through a light petroleum solution 
triphenylivamuth, the corresponding dichloride was obtained; m. p. 141° (Michaelis and Polis, 
p. 56). Molecular weights were determined cryoscopically in benzene (the constant used was 51-15 


Weght of 

~nzene (fg 

5612 1749 

+0334 17-48 éo2 
17-49 14M2 


16-63 o 238 my 
16-43 “379 m4 
16-43 0-486 4aa0 


Challenger and Goddard (/.. 1920, 127, 771) found 427 for the molecular weight of triphenylamuti 
im benzene, but as ther observed depression was only 153°, they were obviously using a more dilute 
solu tice Their figure 498-5 for the molecular weight of the dichloride was calculated from an observer 
depression of (47° and agrees well enough with our value 
dctiom of Lthylenediamine on Tiiphenylantimony Dichloride The dichloride (4 g.) was dissolved i 
ether, and ethylenediamine (0-6 c « 1 equiv added \ white precipitate was produced This was 
filtered off, washed with alcohol, and dned, forming minute white crystals, m. p. 206° (decomp. at 
234 The compound was analysed without further purihcation The figures show the presence of 
nitrogen but do not indicate any definite compound (Pound : Sb, 23-7; C, 444; H, 53; N, 66 Cak 
CL NHyCHyCHYNH,: Sb, 242; C, 406; H, 48, N, 58% 
iphenylantimony dehlonde was stirred with aqueous ethylenediamine The solid became curd 
it was filtered off and dried in a vacuum desiccator, but did not contain Clor N; m. p. 208 mixed 
m. p with the corresponding compound from the dibromide It is therefore presumably tripheny! 
antimony dihydroxide 
nof Lthylenediamine om Triphenylantimony [ht “ This dibromide is 


thvtlened 


t 


ly solabk 
am ine { ethyl » a solution of the dib ide in alcohol 
er so whit wm white j s very dehau n and extreme! 

soluble in wate from which it cannot be crystallised, it does not melt below 2 Heated in a test 
tabe, it leaves on a shaht reaxivue of carbon It ntains bromine and nitrogen, but less than 2% of 
antimony With pper sulphate solutkm it gives the deep blue colour characteristic of ethylene 
hamine copper mp lexes It would seem, therefore, to be ethyvlenediaminmm dibromide 

Triphenylantimony dibromide (4 ¢.) was suspended in water, and a few { ethylenediamine wer: 
added ve 1 changed in appearan forming hard cakes. These were broken up, filtered off 
washed a white sol 1 p. 210, which did not contain either nitrogen or bromine 
Found ’ i ‘ ” b(O Sb, 31-56%. Cak. for C,,H,,5bO: Sb, 33-1% 
the dihydroxide has m_ p 

Tetraphenyllead was he neler : i acetic acid, and the diacetate formed was 
crystallised from dilute acet ud t t . d in dilute acetic acid, and hydrogen sulphick 
passed through the cooled salut) h y < ¥Y precapitate was separated, extrac ted with benzene 
and the salution crystallised, formuir ale lk prism m. p. 130° (decomp. above 90 Found 
Pb (as sulphate 5145. S, ‘ al t 2-69, S, & 16% The sulphur was 
determined as barium sulpbate after fuss h px : t 1 nitrate 
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Molecular weights, determined cryoscopically in benzene, were as follows 
Weight 
Compound. (g.). ' 4. M, tound 
Pd(C,H,), 0- 2260 i 0-007 780 
0-4757 . 0-201 792 
PboiC,H,),5 O-5540 > 0-120 1006 
05540 #172 1019 


Acknowledgment is made to the Authorities of the lowa State College for their courtesy in sending 
microfiims 
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119. The Fischer Indole Synthesis. Part III. The Cyclisation 
of the Phenylhydrazones of Some 2-Substituted cycloHeranonea. 


By K. H. Pausacxer. 


Cyclisation of the nylhydrazones of a number of 2-substituted cyclohexanones has been 
effected using both dilute sulphuric acid and glacial acetic acid. Whereas sulphuric acid 
favoured the formation of the neutral tetrahydrocarbazole, the basic tetrahydrocarbazolenine 
was the principal product formed when glacial acetic acid was used. A detailed investigation 
of the action of a large number of cyclising agents on the phenylhydrazone of 2-methyleyelo- 
hexanone has also been made. Certain of the tetrahydrocarbazoles obtained have been 
dehydrogenated by using palladised charcoal 


It is well known that the phenylhydrazones of 2-substituted cyclohexanones (I) may 
be cyclised to form both a neutral tetrahydrocarbazole (II) and a basic tetrahydro- 
carbazolenine (III). 


NH R 
i i! 


yield of (Li 

yield of (111 

(hereafter termed a) was 2-1 when dilute sulphuric acid was used, whereas Lions (/. Proc. Roy 

Soc. N.S.W., 1938, 71, 206) found that, when R = Et, 4 was 0°13 with glacial acetic acid as 
the cyclising agent. As this comparison is made on two different substances, it was decided 
to study the influence of these two cyclising agents on compounds of type (1). The results 
are summarised in Table I 


Pausacker and Schubert (/., 1949, 1384) found that when RK « Me the ratio 


Tasie lI. 


Dilute sulphuric acu Glacial acetic acid 
Yield of (11), Yield of (III), Yield of (11), Yield of (111), 

o, ° ° o 
o ” o 

Methyl 45 : 3 6) 
Ethy! “4 : . 76 
190 Propyl 44 . 70 
— ry! 29 7 : 79 
heny! ow : , ov 


* Appreciable amounts of N-acetylphenylhydrazine were also isolated 


It is thus seen that in every case dilute sulphuric acid gives mainly the tetrahydrocarbazole 
and glacial acetic acid mainly the tetrahydrocarbazolenine, thus substantiating the results already 
quoted. An a priori hypothesis would predict, by qualitative reasoning, that the stronger 
acid (sulphuric) should produce a greater proportion of base, whereas the reverse has been 
found to be the case. This marked difference could be ascribed to different mechanisms 
operating in these two reactions, although a number of other factors must be considered before 
any definite conclusion is reached. 

One noteworthy difference is that with glacial acetic acid only one phase is present and in 
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dilute sulphuric acid two phases are involved. This may be paralicied with the fact that the 
Cannizzaro reaction (cf. Alexander, J]. Amer. Chem. Soc., 1947, 68, 289) probably proceeds 
via @ different mechanism dependent on whether or not the reaction is homogeneous. When 
the phenylhydrazone of 2-methyleyclohexanone (IV) was cyclised in aqueous acetic acid 
containing 20, 40, 60, 80, and 89%, of water (by volume) respectively, the percentage yield of the 
major product, I l-methyltetrahydrocarbazolenise (V), was 56, 55, 57, 58, and 40°, compared 
with 61% when glacial acetic acid was used. In the first case the reaction mixture was 
homogeneous throughout, in the second case it was initially heterogeneous and became 
homogeneous on heating, and in the last three cases it was heterogeneous throughout. It thas 
appeared that the reaction was not influenced by the number of phases present 

It was thus possible that the difference im reaction may be ascribed to the acid strength of 
the cyclising agent. When (IV) was refluxed with aqueous solutions of approximately equal 
molar strength of acetic, monochioro- dichloro- and trichloro-acetic acid, the yields of (\ 
were 40, 42, 51, and 53%, respectively (NB. all these reaction mixtures were heterogeneous 
The K values of these acids are 1°85 10*, 55 © 10°, G14 & 10% and 1-2 & 10 (?) and yet 
it is seen that the relative yields of (V) do not vary markedly and tend to increase with 
increasing acid strength. in view of the remarkable difference between the action of glacial! 
acetic acid and dilute sulphuric acid, this result is very confusing, particularly when it i» 
realised that trichloroacetic acid approaches sulphuric acid in strength, although it has been 
found that trichloroacetic acid is weaker than sulphuric acid in strong ( >2N.) solutions. Thus 
it would appear that acid strength w not the deciding factor 

Finally, it was considered that as the apparently heterogeneous reaction in aqueous acetic 
acid gave the same results as when glacial acetic acid was used, the reaction may actually take 
place in a single phase, as the hydrazone will be partly soluble in the boiling aqueous acetic acid. 
On the other hand, it would be virtually insoluble in the aqueous sulphuric acid and so the 
difference between these two reactions may, after all, be due to the number of phases. 
Accordingly, the cyclisation of (1V) was investigated using alcoholic solutions of sulphuric 
acid and anhydrous hydrogen chloride Under these conditions, the initial reactants were 
soluble, as were the products, with the exception of salts which precipitated during the reaction 
when hydrogen chionde was used In the case of sulphuric acid, it was found that although 
the yield of (V) was greater and the yieki of I-methyltetrahydrocarbazole (VI) was 
correspondingly smaller, when alcohol was substituted for water as a diluent, the yield of (V 
did not approach that obtained with glacial acetic acid. In the case of hydrogen chloride also 
the alcoholic solution gave a larger yield of (V) than did the aqueous solution. It may be noted 
that hydrochloric acid gave a higher yield of (V) than aqueous sulphuric acid of approximately 
the same normality Finally dry gaseous hydrogen chloride and a solution of (IV) in dry boiling 
benzene gave the most surprising results since the yield of (V) was then even greater than with 
glacial acetic acid and only a very little (V1) was obtained 

In order to harmonise these apparently conflicting findings, it is supposed, on the basis of the 
accepted mechanism for this reaction (for a summary, see Pausacker and Schubert, loc. cst 
that the reaction may proceed as follows 


NH, Nii M 


Now the cyclising agents which favour the formation of (V) are glacial acetic acid, aqueous 
solutions of acetic acid and its three chiloro-derivatives, and hydrogen chloride in benzene 
The other reagents, in the order in which they favour the yield of (V1), are aqueous sulphurk 
acid, aqueous hydrogen chloride, alcoholic sulphuric acid, and alcoholic hydrogen chloride 
Mr. A. N. Hambly, of this Department, has kindly pointed out that of the first series of media 
acetic acid and benzene are protogenic and aprotic respectively, whereas in the latter series 
both ethy! aleoho! and water used are amphiprotic This suggests that when we have a medium 
which permits the manifestation of the basic properties of (IV) (i.¢., reaction with a proton), 
then reaction 4, followed by reaction C, is favoured. On the other hand, a medium which 
tends to decrease the basic characteristics of (IV), by competitive reaction with protons, favours 
reaction B which possibly proceeds by a different mechanism from reaction A. Thus the 
order observed for the second series of solvents may also be explained as water is more 
protophilic than alcohol and, in addition, there are some indications (cf. “ Introduction to 
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Electrochemistry,’ Glasstone, p. 310) that sulphuric acid may be more protophilic than hydro- 

It would now seem that when aqueous solutions of the various acetic acids are used, the 
reactions must take place in a medium which favours the basic behaviour of (IV). This fact 
may be accommodated by assuming that the various acetic acids may be dissolved partly in 
the water and partly in the (IV) (in contrast to the statement made above) and the reaction 
leading to the principal formation of (V) actually takes place in the acetic acid-(1V) phase. 

Thus the different actions of these cyclising agents may be explained by assuming that 
(IV) has a different proton affinity in the various media used. Up to now, the different 
formulations of the mechanism of the Fischer indole synthesis have not taken into account the 
exact role played by the acid catalyst. It would appear in the reaction studied that 
two alternative mechanisms are simultaneously possible, dependent on the relative proton 
availability present in the medium. Thus, in future discussions of this reaction it will be 
necessary to consider, in greater detail, the part played by the catalyst. A kinetic investigation 
of this reaction is now proceeding with this aim in view. 


EXPERIMENTAL. 
M. p-s are not corrected 


Preparation of 2-Substituted cycloHexanones —2-Methyl-, 2-cthyl-, and 2-ssopropyl-cydehexanone 
were prepared by alkaline hydrolysis of the corresponding 2-carbethoxy-2-alkyl-cyclohexanones, 
produced by condensation of the appropriate alkyl iodide with the sodio-derivative of 2-carbethoxy- 
eyclohexanone 

2-cycloHexyleycdohexanone by chromic acid oxidation of 2-cyclehexyleyelchexanol 
(cf Ungnade, J. Org. Chem., 1068. 

2-Phenyleydohexanone was prepared by the action of phenylmagnesiam bromide on 2-chlorocyco- 
hesnnone (Newman and Farbman, /. Amer. Chom. Soc, 1044, 6, 1551) 

Preparation of the Phenylhydrasones —Equimolar amounts of phenylhydrazine and cyclohexanone 
were heated (0-5 hour) on the water-bath, first at atmospheric pressure and then under reduced pressure 
until all the water was expelled 

Cyclisations of the Hydrazones.—-The hydrazones were refluxed (0-5 hour) with aqueous sulphuric 
acid (1 ml. of concentrated acid and 9 mi. of water g. of hydrazone) or glacial acetic acid (9 mi. per 
of hydrazone). When sulphuric acid was used, de aeab fraction was isolated by extraction wit 
ether and washing first with dilute sulphuric acid and then with water. The |-substituted tetrahydro- 
carbazole was isolated by distillation. The sulphuric acid solution and hings were basifed with 
sodium hydroxide solution, and the || -substituted tetrahydrocarbazolenine isolated by ether-extraction, 
followed by distillation. When glacial acetic acid was used, the excess of acid was removed by 
distillation under reduced pressure and the residue treated with water, extracted with ether, and 
pm into neutral and basic fractions as described above. For yields see Table 1. Tables Il and 
Ill summarise the physical, chemical, and analytical data 





Taste Il, 
1-Substituted tetrahydrocarbazoles. 
Base Picrate 


=~ 


o-oo er 





Found 
Substituent B. p./mm Formula. N.% N. % M. p* 
Ethyl ¢ 1s4— 186° 08 . ian 
woPropyi oo" 0-6 Cag yy 69 66 117" 
cycloHesyl 195° 0-4 4 retigg' 56 oS 140° 
Phenyl ® | 187°, 0-3" CypH, 58 58 133" 

* Lions (loc. cit.) gives b. p. 200-—205°/16 mm. * Appreciable amounts of 2-phenyleyclohexanone 
were also obtained when dilute sulphuric acid was used. ‘ M. p. 99°; crystallised from light 
petroleum (b. p. 40—60 | seeteliaaiton from light petroleum of b. p.: * 106—120", * 60-—@0", 
* 95-135 


Tasze Il, 
11-Substituted tetrahydrocarbazolentnes. 


ound Reqd 
Substituent > mm re N, 9 N,% Mp. Solvent‘ 
Ethyl ¢* 2/10 »N 152°° A 


isoPropyl 5 3 66 178 
cycloHexy! "O-4 79 J 59 55 171 
Pheny! i’ 5-6 5-5 in 


* Lions (loc. cit.) gives b. p. 160—161°/16 mm. * Crystallised from light petroleum (b. p. 40-60") 
* Lions (loc. cif.) gives m. p. 147°. * Solvents: A. ethanol; B, light petrolegm (b. p. 100-120") 
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Dehydrogenation of the T etrakvdrocarbasoles to form Carbasoles —The |-substituted carbazole (1-0 ¢ 
was heated for 4 hours at 240-300" with palladwed charcoal (0-25 g¢.) in a stream of hydrogen. The 
product was extracted with acetone and crystallised from light petroleum (b. p. 40-—6v ) after distilling 
off the acetone. The physical, chemical, and analytical data are summarised in Table [V. Picrates 
were cryvtallised from ben ren« 


Taste IV. 
1-Substetuted carbazoles 


Subetitucat Mp 
i thy! ™ 
tno Propyt of 
Pheny 133 

Cyclisation of the Phenylhaydrasone of 2- Methyicyclohexanone in Various Conditions —The hydrazone 
30 g) was refluxed for 0-5 hour with the cychsing agents shown in Table V and then worked up as 
leacribed above When extraction indicated a small yield of Il-methvitetrahydrocarbazole (VI), onlv 
the ll-methyl!tetrahydrocarhazoltenine (V) was purified by distillation 


Taste V 
Cycling agent Water *, Yields of Cyclising agent 
nature amount. Vi nature ammount 
4cOH i " CcL-CO,H 
, Conc. H,SO, 
3) mi 


=) Lome. HCl 108 mi 
- “ HCl, gas “Me 
CH CrCo y ; 42 
CHCILCOUH . 7 C,H, * 270 mi 
mitinaqously saturated with dry HCI 
Analyses are by Messrs. > ttkowite and N. Gamble The author thanks bis colleagues for many 
help tul discussions 


Unsrveesiry of MELBotes Received, September Wh, 1949.’ 


120. On the Structure of Knudsen’s Base and of Related 
Compounds. Part I. 


By M. E. Fi Hiesr, J. K. N. Jowes, H. D. Sprincaty, A. T. THomas 
and T. Urnafsx: 


The corresponding salts of Knudsen's base, and those of the base obtained by treating 
" 


hexamine dinitrate with hot solvents, are identical with one another and with the corre 
' 


sponding salts of tl l-methyihexamine ammonium cation 
Kyeupsen (Ber., 1914, 47, 2604) described the preparation of a base, since called “ Knoudsen’s 
base,” in the form of its sulphate, by the action of aqueous formaldehyde on ammonium sulphate 
On the basis of carbon, hydrogen, and nitrogen analyses of the salts, Knudsen assigned to the 
base the structure [I 1. &dimethylpentamethylenetetramin« The salts were regarded as» 
hvdrosalts of type Il 


We had found that. when hexamine dinitrate m= treated with hot water, methy! alcohol, 
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ethy! alcohol, tsopropyl alcohol, or fert.-buty! alcohol, the main product isolated, the nitrate, m. p 
195°,* of an organic base (4). is independent of the solvent. This compound was identified by 
carbon, hydrogen, nitrogen, “CH, as CH,O,” and nitrate ion analyses, and by mixed m. p., as 
the hexamine methonitrate (l-methylhexamine I-nitrate) (III; X = NO,) prepared by Hahn 
and Walter (Ber., 1921, 54, 1531) by addition of methyl nitrate to hexamine. This compound 
was also prepared ma hexamine methiodide and most carefully investigated in the University 
of Pennsylvania where it was independently shown that, when hexamine dinitrate is extracted 
with hot chloroform, hexamine methonitrate is produced (private communication from Professor 
Marvin Carmack). 

We then noticed that corresponding salts of base 4 and of Knudsen’s base had many identica! 
chemical and physical properties, indicating that the two bases probably have identical 
structures. If this is so, then, either the identification of the salts of base A as (111), or Knudsen's 
formulation of the salts of his base as (II), must be in error, and in this connection we note the 
observation of Hahn and Walter (loc. cit.) who had prepared a compound by a reaction similar 
to Knudsen’s reaction (using aqueous formaldehyde, ammonia, and ammonium sulphate) and 
designated it as (III; X = NH,SO,~) on the basis of analyses for carbon, hydrogen, nitrogen, 
and sulphuronly. They did not consider the alternative structure and do not refer to Knudsen's 
work 

It was therefore decided to re-examine the points named in the headings below 

Evidence for the Identification of the Salts of Base A as having Structure (111).—This problem 
is treated in two parts, showing (a) that the main product A is the same for a range of sulvents, 
and (+) that the product A is a nitrate having structure (III; X = NO,). 

(a) The analytical data and the m. p. and mixed m. p. data for the products 4 isolated by 
treatment of hexamine dinitrate with several hot solvents are given in Table I and leave little 
doubt that the various products are identical. 

(b) The identification of the product A as (IIL; X — NO,) was carried out on the specimen 
obtained by hot water. The analytical results for the nitrate, picrate, and chloride are given in 
Table III. For all three, the theoretical figures for carbon, hydrogen, nitrogen, and anion are so 
similar for the alternative structures (IT) and (II]) that no differentiation on this basis can be 
made. The theoretical figures for N-methyl and methylene, however, are markedly different, 
and the experimental! data favour the formulation (III) (methylhexamine salts) 


Taste ! 


Substance 4 prepared by c,% H, % Hy, * Mp Mixed m. p. 
H,O 38-5 3 2 192° 
MeOH 38-5 ’ , 190 } oy 
EtOH 38-9 . , +4 hy 190 
Pron 38-8 -! Sb . . 192 } 


pad ’ 
Bu*OH 38-7 im 


- -! . ive 
CHCl, * 30-0 ‘ ; ” 193 
The analytical data reported in this paper were obtained as follows: The C, H, N. and N-CH 
Herzig—Meyer) determinations were by [ Weiler and Strauss (Oxford); CH, was determined 
gravimetrically as CH,O by dinitrophenythydrazine, following Brady (/., 1931, 757); NO,~ and 
picrate” were determined by nitron, following Cope and Barab (J. Amer. Chem. Soc., 1917, 38, 509); 

Cl~ was determined as AgCl 


* Data obtained in the University of Pennsylvania (private communication from Professor Marvin 
Carmack 


Taste Il 
M. p. of salt 


——-- --- - - + — A —- 
Base Picrate 
Authentic methylhexamine 210 
Base A (hot HO 212 202 
) Knoudsen's base 200° 202 
Mixed a 212 
Mixed b-« 200° 202 


* Data obtained by A. T.T. and T. U. at Explosives Research and Development Establishment 
(E.R.D.E The m. p. of this picrate is discussed below 


‘ hioride 


As was expected, N-methy! determinations were not very satisfactory. The Herzig-Meyer 
micro-procedure might well lead to anomalous results with compounds capable of yielding 


* The melting of this substance, and of all other new substances discussed in this work, is 
accompanied by decomposition 
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relatively large amounts of formaldehyde, especially with a tetra-alkylammonium cation such as 
im (111) 


Taste Il 
Analysis of salts of base A and Kwudsen’s base 


;, 4% N4 H, J . Anion, % 
Found for base A 2-3 how 2 28-2) 
Found for Kaudsen's base 2-3 d 28-3 | vitrate 
Cale. for C,H,ON, (TT1; X NO, 3 2a6! 
Cale. for C,H,,ON, (11; X& NO, 3 26-5 2 28-3) 


Found for base A 

Pound for Knudsen's base 

Cale. for C,,H,,O,N, (111; X « pierate 
Cale. for ( vali ON, (11; X = picrate 


Found for hase A 

Pound for Kaudsen's base 

Cale. for C/H,NC) (IIL, X = Cl 
Cale. for C,H, NCI UL; X Cl 


9-7) 
59:3 
59-6 
3) 
18-7) 
leg pehloride 
184) 


eoa- 


> picrate 


a 
-S we 


uct Oe e+ 
¢ 
So=-& Baws 


“2? 
-Ksece 


Authentic specimens of hexamine methonitrate and methopicrate (111; X = NO, or picrate) 
were prepared from hexamine by the successive action of methyl iodide and silver nitrate or 
pieric acid. Mixed m. p.s of cach of these substances and of the corresponding salts of base A 
are given in Table I! 

The identity of authentic hexamine methonitrate and the nitrate of base A obtained by 
chloroform has been established by Dr. A. T. Blomquist of Cornell University by microscopic 
examination (private communication from Professor Marvin Carmack 

As a final check, specimens of authentic hexamine methopicrate and the picrate of base A 
obtained by hot water) were submitted to Professor F. J. Liewellyn (then of Birmingham 
University) for comparison by the X-ray powder method. He reported that the specimens 
gave identical patterns (Fig. | 

The identity of the salts of base A with the corresponding salts of the methylhexamine 
cation is thus established. 

Comparison of the Properties of Corresponding Salts of Base A and of Knudsen's Base Hot 
water was used to produce the base A. The nitrates, picrates, and chlorides of base A and of 
Knudsen's base were prepared and analysed (see Tables II and III The oily hydroxides 
prepared from the two bases had identical refractive indices (1°4475 at 20 

It was found that aqueous solutions of the nitrate, chloride, dichromate, neutral! sulphate, 
and hydroxide of base 4, on treatment with aqueous picric acid, all gave the same picrate, 
m. p, 208-200" (m. p.s determined at E.K.D_E.), seemingly identical with the picrate obtained 
from Koudsen's base 

The findings presented in this section seem to indicate strongly the probable identity of the 
two bases 

Pvidence for the Formulation of the Salis of Knudsen's Base.-The two lines of work described 
above indicate that salts of Knudsen's base have structure (111), whereas Knudsen (loc. cit.) had 
advocated structure (Il Its picrate was therefore subjected to tests analogous to those used 
for the identification of the picrate of base A 

The first batches of the picrate of Knudsen’s base prepared in Manchester (M. E. F., E. L. H., 
j.-K.N. J... H.D.S.) had the m. p. 210° reported from E.R.D.1 All subsequent preparations 
gave the m. p. 195° recorded by Knudsen. The two specimens of hexamine methopicrate first 
prepared gave the expected m. p. 210-212", but a mixed m. p. between them and Knudsen’s 
picrate, m. p. 195°, gave no depression below 195° and all subsequent preparations of hcxamine 
methopicrate in Manchester have shown m. p. 105-—108 It seems probable that hexamine 
methopicrate is dimorphic and that, the lower-melting dimorph being now obtained, we shall 
not be able to make again the other modification 

X-Ray powder photographs of Knudsen’s picrate and of authentic hexamine methopicrate, 
kindly supplied by Professor F. J. Llewellyn, showed complete identity (Fig. 2), thus confirming 
the analytical data-—the CH, content figure being especially significant—and the rather slight 
m. p. data 

Further evidence for the methylhexamine cation structure for Knudsen’s compounds is 
furnished by our observation that the direct synthesis of the parent hydroxide of these 
compounds can be achieved from formaldehyde, methylamine, and ammonia, and that the yield 
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is much better (70%) when the reagents are mixed in the correct stoicheiometric proportions 
for structure (Il; X — OH) (yield 50%). 


EXPERIMENTAL. 
Analytical data quoted in the tables are not repeated below ) 


Hexamine Dimitrate-Solvent Reactions Base A.—(a) Water. Hexamine dinitrate (100 ¢.) and 
water (00 ml.) were refluxed for 1} hours. The resulting solution was cooled, neutralised with aqueous 
sodium carbonate, and evaporated to dryness. The residue was extracted with hot methy! alcohol, and 
the extract cooled. The white needles deposited were recrystallised from alcohol. The nitrate of 
base 4 had m. p. 192° (6-5 ¢.) 

The methyl-alcoholic filtrate was evaporated yreiding a syrup (52 g.), which was dissolved in coki 
nitric acid (160 ml. of 70%). Methyl alcohol was added carefully, prodacing a white crystalline 
precipitate, which was collected, washed with cold ether, and dried in air. This compound, m. p 
140-—145° (11 @.), differs from the above nitrate in being insoluble in hot dioxzan, acetone, or acetic acid 
It gives a strongly acidic solution tn water which with the calculated amount of w /10-sediem hydroxide 
gives the nitrate, m. p. 192-195", in good yield. The —- m -- 142°, is probably I-methy!- 
hexamine | : 5<linitrate (Found  C, 30-1; H, 56; N, 305; CH, 31-4; NO,~, 445. Cale. forC,H,,0, 
C, 30-0; H, 57; N, 300; CH, 300; NO,~, 44-3%) 

The nitrate of base A was prepared in better yield as follows. Hexamine dinitrate (25 g.) in water 

) ml.) was refluxed for 2) hours, and then cooled and evaporated under reduced pressure. The 
crystalline residue, recrystallised from alcohol, had m. p. 190° (9 ¢.) 

b) Methyl alcohol, Hexamine dinitrate (40 g.) was refluxed in methy! alcoho! (200 ml) for 4 hours 
evaporated under reduced pressure to 50 ml, and then kept at @ overnight. The crystals which 
separated were recrystallised twice from alcohol, giving a nitrate as white needles, m 190° (3-2 «) 

Similar experiments with the dinitrate (40 ¢) and ethyl, tsepropy!l, and tert.-butyl alcohol gave the 
nitrate in yields of 3-6 g. (see Table 1) 

Salts of Base A (obtamed by hot H&) Picrate. To the nitrate (10 ¢.) in water (150 ml), saturated 
aqueous picric acid was added at @° until no further precipitation occurred. The orange-red picrate 

ecry stalieed from hot water, had m. p. 208" (12 «.) 

Chloride Prepared as was the corresponding nitrate, starting from hexamine hydrochioride, this 
was obtained as white needles, m. p. 202° (after softening at 130°, and hardening at 135") (yield 10-16 
it was also isolated, in good yield, from the filtrate from the precipitation of the nitrate of base A by 
nitron hydrochloride (Found: C, 43-6; H, 89; N, 20-8; Ci-, 183. Cal. forC,H,N,Cl: C, 43-0; H 
79: N, 20-4; Cl~, 18-7%) 

Dichromate Wexamine tetrachromate was prepared by the method of Cambier and Brochet (Bull 
Sec. cham., 1805, 18, 400) by the action of aqueous chromiem trioxide on aqueous hexamine. The 
tetrachromate (42 g.) and water (500 ml.) were heated for 1} hours on the steam-bath (after the initia! 
dissolution, a dark brown amorphous sold was precipitated The suspension was cooled and filtered 
and the filtrate evaporated to 200 ml. On cooling, orange-yellow crystals separated ; when dried, these 
had m. p. 215° (7 @.) (Pound: €, 32-0: H, 65; N, 20-1; Cr, 200. Cale forC, HON Cr: C, 320; H, 
&7; N, 21-4; Cr, 20-6%) 

Hydrosde. To the chiorkle (25 g) in water (150 ml), moist silver oxide, freshly prepared trom 
silver nitrate (25 g.), was added and the resulting suspension was shaken vigorously for 6 hours at room 
temperature and then filtered. The filtrate was evaporated ander reduced pressure. The oily residue 

12 @), #* 1-4475, of the crude hydroxide was not further purified. The oil is hygroscopic and yields an 
alkaline solution from which the corresponding picrate can be precipitated in 80% yield 

Salts of Kuudsen's Base.-Nitrate This was prepared by a method analogous to that used by 
Knudsen for the sulphate a solution of ammonium nitrate (150 g ) in a mixture of aqueous formaldehyde 
(215 g. of 40%) and water (150 ml.) was heated to 70-——80° on a water-bath for | hour The product, 
isolated as in the case of the nitrate of base 4 and recrystallised from alcohol, had m. p. 190° (12 g.) 

Chloride. This was prepared (a) by Koudsen's alternative method from pre-formed hexamine, and 
6) from the nitrate 4) Hexamine (93 g.) was added to a solution of methylamine hydrochloride (90 g_.) 
in hydrochloric acid (220 ¢ ; d 1-16) at 20 The mixture was warmed on a water-bath for } hour, and 
then cooled, neutralised with anhydrous sodium carbonate, and evaporated to dryness. Sodium and 
ammonium chlorides were removed by extracting the product with hot alcohol (750 mi). On cooling 
the alcoholic extract gave a crop of crystals, mainly methylamine hydrochloride (25 g) which was 
collected. Evaporation of the filtrate to 250 ml. gave a mixture (39 ¢.) of methylamine hydrochloride 
amd Koudsen's chloride Fractional crystallisation from alcohol gave the chloride, m. p. 202° (8 g) 
b) The filtrate from the precipitation of the nitrate from Kaudsen’s nitrate by nitron hydrochloride was 
worked up by the usual procedure to give Knudsen’s chloride in good yield 

Prcrate. This was prepared in 80%, yield by addition of picric acid solution to a solution of any of the 
other salts of Knudsen’s base, or the hydroxide 

Hydroxide. This was prepared from the chloride by the method used for base A. 

Derwatives of 1-Methylkexamune (Hexamine Metho-salts)-—\i-Nurate He 4 methiodide was 
prepared by refluxing, for | hour, hexamine (35 g) suspended in methyl alcohol (250 ml.) and methyl 
wide (40 g.). The methiodide was treated directly in hot methyl-alcoholic solution with powdered 
silver nitrate (43 ¢ The whole was refluxed for § hour, and the resulting suspension was cooled and 
filtered. The methyl-alcoholic filtrate was worked up as for the nitrate of base 4 prepared by methyl 
alcohol The product crystallised in colourless needies, m. p. 190" (40 g.) 

\-Prcrate. This was prepared by adding an equimolecular proportion of picric acid in saturated 
alcoholic solution at 60° to a solution of authentic hexamine methonitrate in alcohol at 60". The 
resulting systen. was cooled to 0°: the product, hexamine methopicrate, when dried, formed orange- 
yellow needies, m. p. 210° (85%) 
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l-dlydromde. This was wynthesised from formaldehyde, ammonia, and methylamine as follows 
(<) Using stoicheiometric proportions of the reagents correct for (111; X — OH) Paraformaldehyde 

g.. 06 mol.) was added to « solution of ammonia (17-5 ml., 63 mol; d 0-880) and methylamine 
ie 5 ml, 1 mol , 33%) at room temperature, the paraformaldehyde slowly dissolved, dissolution being 
accompanied by slight evolution of heat The solution was kept overnight and then ev aporated at 50° » 
mm. The product was extracted with ether, the ethereal solution dried and evaporated, and the 
product was finally dried in eaewo (12 g., TON b) Using the stoicheiometric proportions of reagents 
correct for (11; X « OH), i+, paraformaldchyde (18 ¢ , 6-6 mol.), ammonia (11 m!., 0-6 mol; d 0-880 
and methylamine (19-0 ml., 0- *' mol: 33% The yield was 8-6 e (50% 


The authors acknowledge the assistance of Professor F. J. Liewellyn with the X-ray powder photo 
graphy, helpful discussions with Dr. E. Roberts (E. R. D. E.), Dr. A. Carruthers and Dr. N. H. Woodbury 
(Bristol), and Dr FB. Strauss (Oxford), and extensive private communications from Professor Marvin 

mack University of Pennsylvania The authors thank the Chief Scientist of the Ministry of 
Supply for permission to publish this paper 
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121. ‘‘yclic Meso-ionic Compounds derived from Quinoline. 


By B. R. Brown and D. Li. Hawick 


A new class of compound, produced by the action of cyanjde or cyanide-type ions on 
aldehydes of the quinoline and ssoquinoline series, is described The evidence for regarding 
them as possessing meso-ionic structures (1V) is reviewed. We propose to call them quinocolls, 
& systematic name for them being 3: 6-cdihydroxydiquinolino(!’ : 2’-1 : 2)(1°': 2°-4: 5) 
pytazinum dihydroside buanhydro-salts A mechanism for their production ts suggested 


Henze (Ber., 1934, 67, 753) reports that quinaldoin (I), m. p. 261°, is produced by the action 
of aqueous-alcoholic potassiam cyanide on quinoline-2-aldehyde. No analysis or chemical 
properties of the compound are given. Kaplan (/. Amer, Chem. S 1941, 63, 2654) confirmed 
this work and recorded an analysis. He also obtained the compound (very pale brown needles 
m, p. 269-271") by the action of old selenium dioxide on quinaldine in dioxan. By analogy 
with the formation of benzoin from benzaldehyde and potassium cyanide, Kaplan assumed that 
the compound was quinaldoin (1), but recorded no chemical properties. Later Linsker and 
Evans (sd1d., 1946, 68, 947) obtained a compound, m. p. 175°, which they formulated as quinaldil 
Il), from the reaction of selenium dioxide with quinaldine. This reacted with urea in the same 
way as does benzi!l, and on reduction yielded a compound, m 
properties ‘ xp <i f quinal } nun I 


p. 135°, which had the chemical 


itl 
By the decarboxylating action of pacolime of quinaldinic acid on quinoline-2-aldehyde we 
have obtained a compoun lin the form of colourless needles, m p. 266 267°, which prov ed to be 


identical with the compound produced from quinoline-2-aldehyde and potassium cyanide This 


is a further example of the analogous chemical behaviour of the cyanide ion and the ions resulting 
from the decarboxylation of picolinic and quinakdinic acids (Dyson and Hammuck, /., 1937, 1724 
Ashworth, Dattern, and Hamri | : 800; Brown and Hammick, /., 1949, 173 

The compound dissolves in concentrat ivdrochioric acid and in 30°, sulphuric acid to a 
yellow solution It formes a yellow diperch Oxidation with potassium permanganate i: 
hot aqueous pyridine yields 77°, of quinaldinic acid The compound reacts vi 
concentrated aqueous potassium hydroxide to yield 60° of 


gorously with hot 
potassium quinaldinate This 
reaction proceeds with simultaneous reduction of added methylene-blue. Boiling aniline converts 
unpound is inert towards carbony! 
or hydroxy! group reagents under a variety of conditior t is unaftiected bv 


the compound into the anilide of quimaldinic acid 
old potassium 
permanganate solution or by bromine water 

Elementary analyws of the compound agrees r with the 


empirical formula C,H ,4f Nn, 
than with C,H .,0),\ f Kaplan wl 


so agrees better with C,.H,,O,N, 
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A molecular-weight determination proved impossible owing to insolubility of the compound 
in suitable solvents. However, a dimethyl analogue produced from 3-methylguinoline-2 
aldehyde and potassium cyanide is more soluble, and a molecular-weight determination in 
camphor indicates that its molecular formula is C,,H,,O,N,, 1.¢., that it corresponds with a 
molecular formula of C,H ,,O,N, for the original compound. Thus in its formation from two 
molecules of quinoline-2-aldehyde two hydrogen atoms must be lost: 2C,,H,ON 
C,.H,,0,8, + 2H. This was established by the observations that added methylene-biue is 
reduced and the compound produced when an aqueous-alcoholic solution of quinoline-2-aldehyde 
is treated with aqueous potassium cyanide 

The experiments of Linsker and Evans (loc. ett.) together with the chemical evidence which 
we have obtained (lack of carbonyl or hydroxyl group reactivity) indicate that the compound is 
neither quinaldoin (I) nor quinaldil (11). Furthermore, Mr. B. H. Thewlis working in this 
laboratory has independently synthesised quinaldi! (II), which is identical with the compound 
of Linsker and Evans, from | : 2-di-2’-quinolylethane. Another possibility, the keten structure 
(111), is eliminated on account of the stability of the compound towards reagents such as alcohol 
The oxidation of the substance to quinaldinic acid necessitates the conclusion that only the 
a-carbon atoms and possibly the nitrogen atoms are involved in the fusion of the two quinoline 
nuclei which the molecular weight indicates. The physical properties of the substance 
(insolubility in common solvents and high m. p.) indicate that it has a salt-like structure. This 
together with the fact that the obvious structures have been eliminated, leads us to suggest that 
the compound has the structure of a zwitterion. A few of the contributing canonical forms, (TV) 
(V), (VI), and (VII), are shown below. This structure, though revoluntionary, is of the type 


\ 


called “* meso-ionic * by Baker, Ollis, and Poole (/., 1949, 307), and is analogous to the formule 
which they have proposed for the sydnones. A much closer parallel is the zwitterion formula 
(VIII)-—{LX), suggested by Krollpfeifier and Schneider (Annalen, 1937, 680, 34) for Besthorn’s 
red, a compound produced by the decarboxylation of quimaldinic acid in acetic anhydride 
(Besthorn and Ibele, Ber., 1904, 37, 1236; 1905, 38,2127). Since in the resonance hybrid of the 
new structure, comprising (IV), (V), (VI), and (VII), there is no actual shift of electronic charge 


, \ On » OM 
i ° ? N¢ 
N 


Vill IX XI 


the compound is expected to be colourless. Besthorn’'s red provides an interesting contrast, since 
in the molecule of this compound the positive charge is asymmetrically distributed across a 
conjugated system. On reaction with a strong acid (¢.g., sulphuric or perchloric) the compound 
IV) can act as a diacidic base yielding a cation capable of formulation in terms of canonical 
forms such as (X) and (XI). Consequently, on account of the asymmetry and mobility of the 
positive charge, it is not surprising that this cation is yellow. 

The autoxidation and alkaline hydrolysis of the compound are particularly suggestive of the 
meso-ionic formula advanced. The structure suggested for the compound is similar to that of a 
quinol ion, and it is well known (Weissberger, Thomas, and Valle, ]. Amer. Chem. Soc., 1043, 65, 
1489) that in alkaline solution quinols readily andergo autoxidation to yield the corresponding 
quinones 


Semig u imone 











630 Brown and Hammick 


A similar autoxidation of our compound would proceed as follows 


MSA g 
of fr 


x (XT 


The product (X111) i the cation of an acyiquinolinium hydroxide, and hence would be expected 
to hydrolyse readily to quinaldinic acid. The formation of a semiquinone type of ion (XII) as 
an intermediate is suggested by the deep colour which appears and then fades as the reaction 
with alkali proceeds. The reaction with aniline producing the anilide of quinaldinic acid possibly 
involves a similar oxidative attack 

We have given the trivial name quinocoll to the structure, by analogy with the compound 
pyrocoll (XVIII) (Weidel and Ciamician, Monaish., 1880, 1, 279; Ciamician and Silber, Ber, 
1884, 17, 106) which bas almost the same central ring fused to two pyrrole nuclei. The quinoline 
rings are numbered in the normal manner, so that the compounds (XXIII) and (XXIV) are 
respectively 3: 3’<limethyl- and 6: 6’-dimethylquinocoll. We feel that for convenience it is 
desirable to have such a name, though it is also clearly necessary to have a systematic description 
The Editor has suggested that the parent compound (IV) be called 3 : 6-dihydroxydiquinolino- 
(1°: 2-8: 2)(1% . 2°-4: S)pyraziniuom dibydroxide bisanhydro-sait, and that the numbering be 
as indicated (XIV Thus the compound is regarded as the internal salt resulting from the 
debydration of a phenolic ammonium hydroxide 

It is of interest to compare the central ring in this new structure with that in the diketo 
piperazines (XV), (XVI), and (XVII), and in the compound called pyrocoll (XVIID, (XTX), and 


XVI XVI 


(XX) (tem, shied The difference is to be found in the fact that the new structure is completely 


aromatic, the central ring containing six non-localised electrons. In the diketopiperazines and 
in pyrocoll the central ring contains only four non-localised electrons This ditference is reflected 
in the alkaline hydrolysis of these compounds, pyrocoll yielding pyrrole-2-carboxylic acid 
directly, but quinocol!l undergoing simultaneous autoxidation and hydrolysis to yield quinoline-2 
arboxyvlic acid 


NVI 


The reaction of quinoline-2- and isoquinoline-l-aldehydes with potassium cyanide to yield 
quinocolls appears to be quite general. Under these conditions isequinoline-l-aldehyde and 


} 
H, 


XXII xx KXI 


3-methyiquinoline-2-aldehyde vield the dséyvdro-derivatives (XXII) and (XXII), which exhibit 
none of the reactions of keto-compounds Both these compounds are thermochromic, being 
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colourless in cold alcoholic solution and passing reversibly on being heated through yellow and 
orange to deep red. Both readily reduce methylene-blue, and (XXII) is oxidised by air to 
3: 3’-dimethylguinocoll (XXIII). This compound does not readily undergo autoxidation and 
hydrolysis with alkali, possibly owing to a steric effect of the methyl groups adjacent 
to the central ring. 6-Methylguinoline-2-aldehyde reacts with potassium cyanide to yield 
6 : 6'-dimethyiquinocoll (XXIV) directly. 

The isolation of dihydro-compounds which are readily oxidised to quinocolls indicates that 
the formation of the meso-ionic structure occurs by dimerisation of the quinoline-2-aldehyde 
under the influence of cyanide-type ions, followed by atmospReric oxidation of the resulting 


Fis. 1. 
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thsorption spectrum of quinocoll in —— spectrum of quinccoll in 30%, 


dtoxzan. Phun acid. 

ibsorption spectrum of 3: 3’ -dimethyl- ibsorption spectrum of %3:3'-dimethyl- 
guamocoll am dsoxan. quinocoll im 30% sulphuric acid 

{bsor spectrum of 3. ¥ -dimethyl- 
dthydroguimocoll im dioran, 


dihydro-derivative. The processes involved are illustrated in a simple manner by the following 
tentative mechanism. An analogy for the initial addition is provided by the reaction between 
quinoline and benzaldehyde in sunlight, which yields 1-benzoyl-1 : 2-dihydroquinoline (Benrath, 
]. pr. Chem., 1906, 73, 384) 


The ultra-violet absorption spectra of quinocoll and its 3: 3’-dimethyl analogue in dioxan 
and in 30%, sulphuric acid (Figs. 1 and 2) leave little doubt that the compounds have analogous 
structures. The spectrum of 3 : 3’-dimethyldihydroquinocoll in dioxan (Pig. 1) is very similar 
to those of ordinary quinoline derivatives, and differs markedly from the spectra of the 


quinocolls, 
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EXPERIMENTA 


M.p.s are uncorrected. Analyses are by Mr. F.C. Hall Absorption spectra are by Dr. F. B. Strauss 
of Oxtord 

our Dibromoguinaldine * —-exeur Tribromoquinaldine (45-0 g.) was heated in tetralin (80 ml) at 100° for 
I2 heures The resulting brown crystalline mass was diluted with light petroleum, and the light-brown 
crystals (34-4 ¢) were recrystallised from alcohol. «ew Dibromoquimakdine was obtained as colourless 
needies, m. p. 119-120 Hammick (/., 1926, 1302) records m. p. 120 

Quinceel! [3 . 6-Dihydrosydiquimolimo(l’ 2-1: 2)(1": 2° 4. S)pyrastmum Dehydroxide Bisanhydro 
walt) (1V) a) My the action of Potassiwm cyanide om quinoline dehyde (Henze, | u., Kaplan, loc 

The compound separated from pyridine as pale yellow needles, m. p. 26¢—-267 After treatment 

hot pyridine solution with a drop of acetic anhydride the compound crystallised as colourless needles 
267 Henze (lec. tt.) gives m. p 261 Kaplan (lo eu.) gives m. p. 269 271 

By the decarbosylaton of pwolimc or guimaldime acid im quinoline-2-aldchyde \ mixture of 
picolinic of quinaldinic ackd (0-2 g.) and quinoline-2-aldehyde (1-0 g.) was heated at 15-165" for 10 
minutes. Carbon dioxide was evolved and a vigorous reaction oceurred, during which the muxture 
darkened and completely soladihed The mass of dark brown needles was collected, washed with alcohol 
amd recrystallised several times trom pyridine (plus a drop of acetic anhydride to remove the colour 
The compound (0-7 g.) was thus obtained as colourless needles, p. 266 -. , uachanged on admixture 
with the compound obtained from the action of potassium cyanide on quinoline-2-aldehyde (Found § ¢ 
76-09, HL. 40, N.@2. Cale. for CLH,OWN,: C, 769; H, 3-85; N, 90%). The compound is slightly 
soluble in hot ethy! aleoheol, glacial acetic acid, benzene, or chioroform, but almost insoluble in water 
acetone, or light petroleum. It crystallises well from dioxan or from 2-methoxyethanol. It is soluble 
in concentrated hydrochloric or sulphuric acid with production of a yellow colour. It is insoluble in ¢ 
hilute alkahe 

The compound is unaffected under a variety of conditions by acetic anhydride, acetyl chloride 
benazoy! chioride, phenylhydrazine, 2 4-dinitrophenylhydrazine, or bromine. It forms no picra 

The perchlorate separated from a mixture of acetic and 60%, perchloric acid as small yellow prisms 

» (rapid heating) 222-223" (decomp which were dried at 50° in a vacuum (Found: Ci, 14-4 

nae ,N, 2HCK ), requires ¢ lL, 13-38% 

Permanganate Osidation of Quimocou A solution of quinocoll (0-5 g.) in a mixture of pyridine and 
water (20 ml. each) was treated at 90° during 2 hours with potasstum permanganate (2-0 ¢) in water 
1 ml The precipitated manganese dioxide was collected and washed with hot water, and the 

howrtess filtrate made just aced and again filtered Treatment with excess of copper sulphate solution 
yielded a greyish-blue precipitate of copper quinaldinate, which was washed with hot water aod dried at 
in” (05 « 6 he copper salt was converted into the crystalline sodium salt from which the 
hydrochloride of quinaldinic acid was obtained as colourless needles (from alcohol), m. p. 192-196 
decomp 

dutosidation and Alkaline Hydrolysis of Quinocoll —Quinocoll t in hot dioxan (20 ml.) was 
treated with a solution of potasssum hydr ide 20 g.) in water (3 mi A vigorous reaction occurred 
and the solution became dark brown. The mixture was boiled under reflux for 30 minutes, during which 
the colour taded appreciably The aqueous layer of potasssum hydroxide was separated and proved to 

ntain fo potassium quinaldinate The dioxan layer was evaporated under reduced pressure, and the 
resulting potassium quinaldinate (4g , 60%.) converted into the hydrochloride of quinaldinic acid, m. p 
180. 104° (decomp 
m of Amie on Quinccoll.—Quinocoll (0-5 g.) was heated under reflux with redistilled aniline 
for 4 hours Initially the solution became very dark brown, but finally it had a clear yellows! 
colour Inetillation with steam removed aniline, and on cooling the residual brown oil solidified 
) crystallisations from alcohol yielded colourless silky needles (0-4 ¢., 50%), m. p. 138-—139° (Found 
77-7, H, #8, N, 110. Cale. for C,,H,ON,: C, 77-4; H, 48; N, 11-3% On admixture with ar 
entice specimen of the anilide of quinaldinic acid (Krolipfeifier and Schneider, joc. cit.) the m. p. was 
hanged 

3-Methylquinoline-2-aldehyde.—.8-(3-Methyl-2-quinolylacrylic acid (16-0 g.) (Brown, Hammick, and 
Rotnson, /., in the press), sodiam carbonate solution (160 mi. of 6%), and benzene (100 ml.) were cooled 
n ice, stirred vigorousiy, and treated during | hour with powdered potassium permanganate (25-3 « 
The mixture was filtered, the manganese dioxide washed with ether, and the ether-benzene lave 

the filtrate, washed with water, and dried Removal of the solvents yielded 3-meth 

2 aldehyde (6-8 @.) as a shghtiy yellow crvstalline solid Recrystallisation from hght petroleum 

loo tat urless needles, m. p. 114-115 mend: C, 77-1; WH, 53. Cy, .H,ON requires 
> 3%, } S 4dimttrophen pari 1 from xylene-pyridine as fine orange 


loured nex 


: VMethylqusnoline-2 

{ 3-methylquin lide} S« ot rt and water (15 ml 
was treate der rogen with sth of am nude : lution immediately 
became da i and a crystalline pars Several recrystallisations { alcohol yielded 
3 D temethyid roy woe) « " ‘ lar r m 155° to a dark red 
melt : 7 4 requir i I mpound is thermo 
chrom Its cold ak vine hu tro ¢ } t on being heated it passes slowly through yellow 
and orange to deep rect 1oRe , reversed as the solution cools The compound is 
soluble in ackis but oot in alkalis ’ i os hght brown and falls to a powder A hot 
akeoholic solution of the dihydro-compound quick! ‘ es and decolorises methylene-blue it does 
ot react wit t vibycrazime 


lxal mechaniwm of t be discussed a later publcation. 
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3 : 3°- Dimethylquinocoll 6-Dih 3° : 3° - dimethyldi olimo(l’ : 2-1; 2)(1° : 2°-4: B)- 
ovrarmium [hhydromde Diecnh bo coth (XX ny —Whea 3: Piclesthytdinydroseinocal is kept io 
air for several days the colourless ap lar priams gradually change into a light-brown powder, which 


‘m, p. 220-231" [Found C174; H. 80%: M leryon Pci 


. Cos ON, ; H, 47%: M, 340). The compound is readily solu 
cold pyridine or dioxan. Its solution in propyi alcohol yields no colour of precipitate with 2 ¢diaiteo- 
phenylhydrazine sulphate | 

6 M cthyi-2-trib b of 2 (350 «.) 
and Miller, Ber., 1883, 16, Jad wy the masthead of Hammick Us 1923, dsaz) nor ds PR sec 
—_ (54-7 g.), which separated from acetic acid as colourless narrow plates, m. p. 132—-133° 
Foun Br, 61-4 C,,.H,NBr, requires Br, 60-90%) 

6- Methyl-2-dsbr -The above tribromo-com nd (500 ¢.) was heated at 100° 
with tetralin (85 ml.) for pees The mixture was diluted with light petroleum (b. p. 40-60") and 
kept at 0° overnight. The light-brown crystals (24-0 g.) were recrystallised from alcohol. 6-Methy/-2- 
dibromomethylquinoline was thus obtained as colourless needles, m. p. 85-86" (Found: Br, 51-0, 
C,,H,N Br, requires Br, 50-86%) 

6 Methylquinoleme-2- aldehyde 4- Methyl-2-dibromomethylquinoline (6-0 g.) was hydrolysed by means 
f silver nitrate (method of Hammick, /., 1926, 1302). Steam-distillation frven slightly alkaline solution 

yielded a colourless oil which solidified in the distillate. The eidshyde (2-7 g.), which was isolated by 
means of ether, separated from light | (b. p. 40-—-60°) as colourless elongated plates, m. p. 105 
106° (Found: C, 77-5; H, 53 ,H,ON requires C, 77-2; H, 53%) 

6: & - Dimethylquinccoli § [3 Gs Deaphory 6’ : 6° - dimethyldiquimolino(\' : 2-1: 2)(1" : 2-4: 5)- 
pyrannium Dihydromde Bisanhydro-salt) (XXIV). —6-Methyiquinoline-2- : a 4 g.) was treated in 
hot aqueous alcohol with an aqueous solution of potassium cyanide (0-2 ¢), and the mixture heated 
under reflux for 15 minutes he reddish-brown precipitate was collected, washed with water, and 
crystallised several times from pyridine or dioxan. 6: 6'-Dimethylguinocoll was obtained as small 
slightly yellow plates, m. p. 250--251° (Found: C, 778; H, 49. C,.H,O,N, requires C, 77-65; H 














47 

BRapdreieoguines coll (XX1). Action of Potassium Cyanide on isoQuinoline-|-aldehyde —-A hot solution 
of isoquinoline-1-aldehyde (1-0 g.) (Barrows and Lindwall, ]. Amer. Chem, Soc., 1942, 64, 2430) in aqueous 
alcohol (50 mi.) was treated with an aqueous solution of potassium cyanide (0-2 g.) and heated under 
reflux tor 15 minutes. The mixture was cooled and the brown o (10 g.) were collected, washed, 
and dried. Several recrystallisations from alcohol yielded dis; mocoli as fine htly brown 
needles, m. p. 163-—164° to a dark red melt (Found: C, 76-5; H, 465; N, + * CygH 0,8, requires C, 
764; H, 445; N, 609%). The compound shows thermochromism, its solution passing 


reversibly on being heated through yellow and orange to deep red. The L—_..-H quickly reduces 
methylene-blue in aqueous alcohol. It yields no hydrazone with 2 : 4-dinitrophenylhydrazine sulphate 
ol 


ia 


We thank Dr. H. M. E. Cardwell for much helpfui discussion 
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122. Studies in the Polyene Series. Part XXXVI. Further 
Syntheses of Acetylenic Acids related to Vitamin A. 


By T. Bruun, Sm law Hereron, B. C. L. Weepon, and R. J, Woons 


Methods previously developed for the preparation of the cyclohexenyl acid (VII; = — 6), 
which possessed slight growth-promoting properties of the vitamin- A ay , have now been 
applied to the synthesis of the cyclopenteny! and cyclohepteny! of ‘ll; w= Sand 7), 
both of which were found to be biologically inactive 





As part of a genera] scheme for the synthesis of compounds with modified vitamin-A structures, 
the cyclopenteny! and eyclohepteny! acids (VIL; = = 5 and 7) have now been prepared by the 
methods previously developed (Heilbron, Jones, and Richardson, j., 1949, 287; Toogood 
and Weedon, /., 1949, 3123) for the synthesis of the acid (VIL; » — 6). The last was shown 
to possess slight but definite growth-promoting properties of the vitamin-A type, and it appeared 
of interest to examine the effect of varying the size of the ring system on biological activity. 

The Grignard reagents from ethynyleyclopentene (1; m= 5) and ethynyleycloheptene 
(I; m= 7) (Heilbron, Jones, Toogood, and Weedon, J., 1949, 1827) were condensed with 
methyl 2-chlorovinyl ketone and gave the carbinols (11; «= 5 and 7) in 70 and 90% yields, 
respectively. The latter on treatment with dilute sulphuric acid underwent anionotropic 
rearrangement and simultaneous loss of hydrogen chloride, yielding the aldehydes (II1; n = 5 
and 7) which were converted into the Aefones (IV; » = 5 and 7) by condensation with acetone 
in the presence of aluminium éert.-butoxide. 

The same ketones were also synthesised by the following route. The carbinols (V; = = 5 

TT 











Bruun, Heilbron, Weedon, and Woods : 


and 7), prepared in 65 and 60% yields, respectively, by reaction of the Grignard reagents from 
(1; s = 5 and 7) with crotonylideneacetone, were isomerised by being shaken with dilute 
sulphuric acid to the fully conjugated carbinols (V1; » = 5 and 7). Oppenauer oxidation of 
the latter furnished the ketones (IV; n = 5 and 7), identical with those obtained by the 
alternative route described above 


i vie 
' I 
CCCCHCIVCHICH : f CCH CHLCHC 
Om ——> ICH,» |! OH 
aa CH 
v IL.) 


Mie Me Me 
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Condensation of the ketones (IV; = = 5 and 7) with methyl bromoacctate and zinc gave, 
after dehydration of the crude hydroxy-esters and hydrolysis, the crystalline acids (VII; m = 5 
and 7), in 11 and 7% yields, respectively. Neither of these acids showed any growth-promoting 
properties when fed orally, as aqueous solutions of the sodium salts buffered to pH 10, to young 
rate deficient in vitamin A (the doses administered would have revealed activity of the same order 
as that of (V11; = = 6), ctz., one-thousandth of that of vitamin A itself). 

The various compounds described in this paper all exhibited light-absorption properties 
sumilar to those of the corresponding cyclohexeny! analogues (see table). 


. Cee was A Cees 
Carbinol (11; ‘ 22 12,000 Carbinol (V; « 5) r280 34,500 
al 13,000 2300 * 27,000 
17,000 V 2270 39.000 
15.50) 2370 30,000 
2200 33,000 
Aldehyde i 7 15 Guu 2400 26,540) 
14,500 
14,000 Carbinol (VI; s 5 2260 16,500 
10,500 2830 21,500 
14,000 2930 23,500 
13.000 yaw 21,500 
14.4”) ose 19,000 
2910 21,500 
14.) doe 15,000 
28 Ow { : ? , 27,000 
TR Oo 22,000 
T3000 
13.4%) 3 3 26 18,000 
hom 5 36,000 
14,000 
33,000 
13,600 
14,500 
34,000 
* Inflexson 
' Toogoad and Weedon, | cf. * Heilbron ve an tichardson, / Heilbron, 
Jones, Julia, and Weedon, /, 1949, 1823 


EXPERIMENTAL 


Ligtht-absorption data were determined in alcoho! untess stated otherwise | those not referred to blow 
are to be found in the table All the operations were carried out in an atmosphere of nitrogen. The 
2: édinitrophenylbydrazones were purihed by chromatographic adsorption on alumina from benzene 
solution 

1 -CAlore-5-<yclopent.|'-eny!-3-methyipent-l-en-4-yn-3-of (IT. « S Ethynyleyclopentene (21 ¢) 
(Heilbron, Jones, Toogood, and Weedon, Ice. of) in ether (50 ¢.¢.) was added dropwise to a solution 





(1950) Studies in the Polyene Series. Part XXXVI. 


of ethytmagnesium bromide (from 5-6 g. of magnesium) im ether (100 c.c.), and the mixture was refluxed 
for 4 hours. After cooling, a solution of methyl 2-chioroviny! ketone (Catch, Elliott, Hey, one Fone, 
J. 1948, 278) (16-9 ¢.; freshly prepared) m ether (50 cc.) was added during 4 hour and the — 
was refiu xed for | hour and then cooled. The Grngnard complex was decomposed with ice and ammonm 
chiornde (20 g.) and the product was isolated with ether. Distillation gave the carbinol (20-9 ¢ ) as a 
pies viscous liquid, b. 65—-70" (bath temp.)/1@* mm., aff 1- (Pound: ©, 67-46; H, 

“an H ,,OCI requires C, 67-15; H, 665%). 

5-cycloPent-|'-enyl-3-methylpent-2-en-4-ya-l-al (111; «© « 5).—-The above chloro-carbinol (26 ¢.) 
was divided into two equal portions and each was added to dilute sulphuric acid (1461; 1% w/v), and 
the mixtures steam-distilled) The distillates were combined and the he aye “PY y 
extraction. Evaporation of the ethereal solution gave the crude aldehyde (14-7 g) asa 
#}f 11-5791. Light absorption : maxima, 3080 and 3170 a.; E}%S,, 780 and 75), respectively, indicating 
a purity of ca. 80%. The 2:4 my a8 ef > ge crystaliioed from ethy! acetate methanol in dark 
red needles, m. p. 164-165" (Found: N, 16-7 ae A , Tequires N, 16-45%). Light absorption 
in chloroform (main band only): maximum, 3940 4.; ¢, 36,000 

The crede aldehyde (5 g.) was treated with an excess of semicarbazide acetate in aqueous methanol 
(80%) and gave the semicarbazone (2-5 ¢.), which crystallised from alcohol in plates, m. p. 206-207" 
(decomp.) (Found: N, 193. C,,H,,ON, requires N, 19-35%). Light absorption: maxima, 2650 and 
3160 4.; ©, 11,500 and 30,500, respectively. inflexion, 33004.; ¢, 21,000. A minature of the semi 
carbazone (1-6 ¢.), dilute sulphuric acid (50 c.c.; 10% w/v), and light petroleum (0 c.c.; b. p. 80-100") 
was refluxed with vigorous stirring for 4 hours. After removal of anreacted somucarbascn (o8 @.), the 
petroleum layer was separated, washed with water, dried, and evaporated. Distillation of the 
gave 5-cyclopent-l'-enyl-3-methylpent-2-en-4-yn-1-al (0-3 g.) as a yellow ee liquid, b. p. 60° (bath 
temp.) /10~* mm., 1-5830, whuch crystallised when kept at @° (Found: C, 830, H, 7 Cy, HO 
requires C, 82-45; 7-55%) 

l-cyclo Pemé-1’ enyi- S-methylocta-4 : 6-dienw-l-yn-3-ol (V; « = 5).-Onrotonylideneacetone (144 «.) 
in ether (20 cc.) was added during | hour to a cooled suspension of cye/epentenylethyayimagnesiam 
bromide (prepared as described above from 3-2 g. of magnesium and 121 g. of ethynyleyelopentene 
in ether (500 c.c.). After the mixture had been stirred at 20° for | howr, the complex was decomposed 
by addition of ice and ammonium chloride (20 ¢.). Isolation gave the carbunol (17-3 g.) as a pale yellow 
liquid, b. p. 75-80" (bath temp.) 10~* mm., »jf 16465 (Found: C, 83-1; H, 00. C,,H,.O requires 
C, 83-1; H, 8-956%) 

8-cycloPent-1-enyl-6-methylocta-3 : 5-dien-T-yn-2-0l (VL; w= = 5).—-A mixture of the carbinol (V; 
» = 5) (4-8 «.), dilute sulphuric acid (260 c.c.; 1% w/v), ether (50 c.c.), and a trace of quinol was shaken 
at 20° for 18 hours. The ethereal layer was separated, washed well with water, dried, and evaporated 
Distillation of the residue oe the rearranged Ye (2-3 g.) as a yellow ail, b. p. 80-85" (bath temp.) 
10* mm., sf 1-5882 (Found , $285; H, Ol. C..H,,O requires C, 83-1; H, 895%). 

&-cycloPent-\-enyi Savatedue 3 : 5-diew-7T-yn-B-onme (1V; # 5).—(e) A solution of the aldehyde 
lll; # 5) (147 ¢.: crude) and aluminium fert -butoxide (20-4 g.) in a mixture of acetone (400 ¢.c.) 
and benzene (675 c.c.) was refluxed for 48 hours. After cooling, the mixture was poured into dilute 
sulphuric acid (1200 c.c.; 26% w/v), and the organic layer separated. The aqueous solution was extracted 
with ether and the combined ethereal extracts and benzene layer was washed with sodium hydrogen 
carbonate solution and water and dried. Evaporation of the solvents and distillation of the residue 
93 g.) gave the crude ketone (5-5 g.), b. p. 85-00" (bath temp.) 10°¢ mm, a} 16064. Light absorption 
maxima, 2400 and 33004.; Ei%,, 470 and 800, respectively. Inflexion, 3480 4.; EIS, 680, indicating 
a purity of ce. 45-00%. The 2: 4-dinitrophenylaydrarone crystallised from ethyl acetate in needles 
and pyramids, m. p. 218-219 The former were converted into the latter on keeping in contact with 
solvent and on heating (Found: N, 1485. Cy Hof vor requires N, 14-75%). Light absorption in 
chioroform (main band only): maximum, 4060 4.; ¢, 47,500. 

The crude ketone (0-6 g) was treated with an excess of semicarbazide acetate in aqucous methanol 
and gave the semicarbasone (0-26 g.), which crystallised from methanol im needles, m. p. 169-170 
(decomp.) (Fownd: N, 16-15. CyshH ON, requires N, 16-36%). Light aleorption: maxima, 2640 
and 3330 a ; ¢, 16,500 and 47,000, reapectively. A mixture of the semicarbazone (0-4 .), dilute sulphuric 
ackd (20 c« 10%, w/v), and light petroleum (20 c.c ; b. p. 80-100") was refluxed with vigorous stirring 
anti all the sold had disappeared (15 minutes). Isolation gave 8-cyclopent-1’-cwyl-6-methylocta-3 : 5- 
dien-7-yn-2-one (0-17 g.) as a yellow viscous oil, b. p. 70° (bath temp.) /10~* mm., =P 16178, which 
crystallised when kept at 0° (Pound: C, 8445; H, 84. C,H, 0 requires ©, 83-05; H, 805%) 

(b) A solution of the carbinol (V1; » 5) (1-4 ¢.) and aluminium éert.-butonide (4 g.) in a mixture 
of benzene (10 cc.) and acetone (60 c.c.) was refluxed for 46 hours. After cooling, the mixture was 
poured into dilute sulphuric acid (460 c.c.; 25% w/v), and the product isolated. Distillation gave the 
crude ketone (1-1 g.), »ff 15920. Light absorption: maxima, 2280, 2420, 3330, and 3360 4.; £}%,, 
550, 550, 710, and 680, respectively. Inflexion, 3200 a.; 34 , 080. The 2: 4-dinitrophenythydrazone 
crystalhsed from ethyl! acetate in needles and pre m.p 218.219", undepressed on admixture with 
a specimen from (a). The semicarbazone crystallised from methanol im needles, m. p. 169--170° 
(decomp ), undepressed on admixture with a specimen from (a) 

8-cycloPent-l'-ewyl-2 - 6-dimethylocta-1 - 3: 5-trien-T-yne-l-carborylic Acid (VIL; = = 5).-A mixture 

{ the ketone (IV, » = 5) (4 @.: crude, from (a)), methyl bromoacetate (3-6 g ), activated zinc ternings 
1-3 ¢.), a trace of mercuric chloride, and benzene (70 ¢ c.) was refluxed for § hour, all the zine having 
then dissolved. The deep-red mixture was cooled and shaken with dilute acetic acid (125 c.0.; 5%) 
The benzene layer was washed free from acid, dried. and evaporated, giving a mixture (4-5 ¢.) of hydroxy- 
and unsaturated esters. Light absorption : maxima, 2820 and 2920 .; E}%, 620 and 620. Inflexion. 
2000 4; ETS 530. Anhydrous oxalic acid (15 g.) was added and the mixture was heated at 95-—100° 
bath temp.) 10-1 mm. for 2hours. After cooling, the crude unsaturated ester was isolated by extraction 














636 Studies in the Polyene Series. Part XXXVI. 


with light petroleum (b. p. 40-60"). Light absorption: maxima, 2600 and 3450 4.; E}%, 370 and 800, 
respectively 

The ester was dissolved in methanolic potassium hydroxide (150 c.c.; 10% wv), and the solution 
kept at 20° for 64 hours. The solution was poured into water (500 ¢.c.), the noo- -hydrotysable matenal 
extracted with ether, and the aqueous layer acidified with phosphoric acid (50 cc, W%, wiv The 
liberated acid wan extracted with ether and the ethereal solution was washed with water, dried, and 
evaporated. RKeerystallisation of the resxiue from methanol gave the acid (270 mg.), m. p. 185-186" 
(Found : C, 706; H,80. Cy Hy )», requires C, 793. H, 7-6%) 

1 -( hlowe-5-cyclohept-|'-ewyl-3-methyipent-\t-en-4-yn-3-ol (11, = = 7).—-Ethynyleyeloheptene (24 ¢.) 
lee. ot.) waa condensed with methyl 2-chicroviny! ketone (11-5 ¢.) by the procedure described above 
for the cyclopenteny! analogue. LDvstillation of the product gave (i) recovered ethynylycycicheptene 
(S5¢ (it) the carbinol (21 ¢.) as a pale yellow viscous oil, b. p. 80-85" (bath temp.) /10~¢ mm., wf 1-6372 
(Pound: C, 6006, H. 7-7. C,,H,,OC] requires C, 60-5 if. 7-6%) 

S-cyclollept-1.emyl-3-methylpent-2-en-4-yn-l-ai (111; = = 7).--The chloro-carbinol (11; # = 7 
20 ¢.) was divided into two equal portions and cach was added to dilute sulphuric acid (1 1; 1% w/v) 
and the mixtures steam distilled n¢ distillates were combined and the product was isolated with ether 
and distilled, giving the crnde aldehyde (16 g.), b. p. 80° (bath temp.) /10"* mm., nw}? 1-56716. Light 
absorption | maxima, 2270 and 3150 4.; E}%, . 580 and 560, respectively, indicating a purity of ca. 70% 
The semicarbarone crystallised trom methanol in plates, m. p. 206° (Found: N, 170. C,,H,ON, 
requires N, 17-1%) Light absorption : maxima, 2410 and 3170 4.; ¢, 12,500 and 20,500, respectively 
The 2 . 4-dinitrophenylaydrasone crystallised from light petroleum (b. p. 60-60") in dark-red plates 
m. p. 156° (Found: N, 154. C,H ON, requires N, 15-2%). Light absorption in chloroform (main 
band only maximum, 3980 4.; ¢, 39,000 

A mixture of the semicarbazone (1 ¢.), dilute sulphuric acid (30 c.« 10% w/v), and light petroleum 
MW cc.; b. p. 6-100") was stirred vigorously under reflux until all the solid had disappeared (5 hours 
lenlation of the product gave the ~ a 5 g.) as @ pale vellow oil, b i, 80° (bath temp.) /10-* mm 
eff 1-700 (Found: C, 82-7; H, O15 ,H,,O requires C, 82-0, H, $55 

L-cycloH ept-l’-enyl 3-methylocta-4 6 don igedol (V; «# 7).—< rotonylideneacetone 145 «.) 
in ether (25 ¢.c.) was added during } hour to a cooled suspension of eycloheptenylethynyimagnesium 
bromide (prepared from 34) «. of magnesium and 15-0 g of ethynyleyeloheptene) in ether (500 c.c.) 
After the mixture had been stirred at 20° for 1 hour, the complex was decomposed and the sat i -saa0 
was isolated and distilled, giving the carbinol (18-0 g), b. p. 85-95" (bath temp.) /10~¢ mm., M30 

Found: C, 63-45; H,100. C,,H,© requires C, 83-45; H, 96%) 

S-cycloHlept-l'-emyl-6-methylocta-3 | 5-dien-T-yn-2-0l (V1 ” 7).—A solution of the preceding 
carbinol (15-0 ¢.), and a trace of quinol, in ether (50 ¢.c.) was shaken for 15 hours with dilute sulphurk 
acid (800 « o5s% wiv Isolation of the product gave the crude carbinol. Distillation, which was 
accompanied by extensive polymerisation yielded the cartinel (84) ¢.) as a viscous pale yellow oil, b. p 
00100" (bath temp.) 10° mm., »]f 14800 (Pound: C, 834; H, 99. C,,HO requires C, 83-45 
H, 06%) 

B-cycloHept-1'-emyl-6-methylocta-3 | 5-dien-7-yn-2-ome (1V, 7 a) A solution of the aldehyde 
It; «= 7) (18 ¢.; crede) and aleminiom fert.-butoxide (25 ¢.) in a mixture of benzene (800 cx 
and acetone (400 cc.) was refluxed for 48 hours. Isolation of the product and distillation gave the 
ketone (14 ¢) as an oil, b. p. 100-—110° (bath temp.) /10~¢ mm., nff 11-5020. Light absorption : maxima 
2280, 1370, 2800, and 39004.; 7 is, 510, 620, 420, and 770, respectively, indicating a purity of ca. 85—00%, 
The 2: 4-dinttropAcnylaydrarone crystallised from ethyl acetate in dark-red plates, m. p. 200° (Pound 
N, 138. Cy H,OLN, requires N, 13-7% Light absorption in chloroform (main band only) | maximum 
4080 4.; 6, 36,000. The semicarbazons, which formed slowly and in poor yield, crystallised from ethanol 
n pale yellow needles, m. p. 181° (Found: C, 71-55; HS 1. C,,HON, requires C, 71-55; H, 81% 
Light absorption : maximum, 3360 a «, 42,500 Inflexion, 3480 a.. ©, 31,500 

A portion (8 ¢.) of the crude ketone was dissolved in light petroleum (b. p. 40-—60*) and the solution 
was poured on acolumn of partially deactivated alomina (100g; Grade IV, cf. Brockmann and Schodder, 
Ner , 1041, 74,73 The chromatogram was developed with the same solvent and the yellow band formed 
was eluted and collected in two fractions. Removal of the solvent under reduced pressure and distillation 
of the resiiues gave « (i) (least strongly adsorbed) an oi! (0-35 g.), b. p. 110-——120° (bath temp.) /10-¢ mm 
nf? 1-5020, and (ii) the Aefone (0-4 ¢.) as a pale yellow oil, b p. 110-120" (bath temp.) /10~* mm., =}? 1-6132 

Found: C,. 842; H.®2 C,H —— 84-15; H, &856% 

b) A solution of the carbinol | ~ 7) (90 ¢.) and aluminium fert -butoxide (124 g.) in a mixture 
of acetone (250 « and henzene be cc.) was reflaxed for 48 hours Isolation gave the crude ketone 
70 ¢.) a8 a pale yellow oi, b. p. 100-110" (bath temp.) /10-¢ mm.; sf 1-5840. Light absorption 
maxima, 2450, 3166, and 3370 4.; EIS, 566, 720, and 720, respectively, indicating an appreciable 
ontent of the required ketone 

A solution of the crude ketone (7-0 ¢.) and Girard reagent-t (7-0 <.) in acetic acid (7-5 c.c_) and aleohol 
(70 ¢.c.) waa refluxed for | howr Distillation of the crude ketonic material isolated in the usual manner 
gave the ketone (4 ¢.), b. p. #100" (hath temp )/10~¢ mm. =]f 11-6059. The 2: 4-dinitrophenylhydrazone 
crystallised from ethy! acetate in dark red plates, m. p. 199°, undepressed on admixture with a specimen 
from (a he semicarbarone, which formed slowly and in poor yield, crystallised from methanol in 
needles, m. p. 179", undepressed on admixture with a specimen from (4 

Seneiaiions 1 -cepd-2 : O-demethylecta-| 3: b-trien-7-yne-l carborvix fed Vil ” 7 The 
ketone (1V; = ~ 7) 60. crude, prepared by route (4) above) in benzene (120 c.c.) was condensed with 
ethyl bromeacetate (53 ¢.) and azine (10 ¢ The resulting crude hydroxy-ester was dehydrated, 
giving the crude aensaturated ester (6-45 ¢.), =P 1-572 ight absorption: maxima, 2490, 2800, and 
3420 a.; ALS. 540, 370, and 680, respectively 

The unsaturated ester was dissolved in a solution of potassium hydroxide in methanol (250 c« 
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10% w/v), and the solution kept at 20° for 96 hours. Isolation of the acid fraction 
yellow gum which partly soldifed on trituration with ether. tion of the 
Esa (0-5 g.) as needles, m. p. 161° (Found: C, 798 . $55. C,,H,,O, requires C, 


A 1 of the ketone (IV; s = 7), prepared by route (6) above, was also converted into the acid, 
which crystallised from methanol in needies, m. p. 181°, undepressed on admixture with the specimen 
described above 


The authors are indebted to the Rockefeller Foundation for financial assistance and to Glaxo 
Laboratories Ltd. for biological assays. One of them (T. B.) thanks the Norges Tekniske Hogekole for 
@ grant, and another (R. |. W.) thanks the Ministry of Education for a Royal Scholarship. Light- 
absorption data were determined by Dr. E. A. Braude 
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123. Studies in the Azole Series. Part XXV. The Action of 
Bases on 2-Thio-5-thiazolidone. 


By A. H. Coox and A. L, Levy 


2-Thio-5-thiazolidone (1) reacts vigorously with primary and secondary bases to give salts 
of the corresponding N-dithiocarboxyglycine amides (¢.g.. Il). In the presence of aqueous 
acids these are recyclised to (I), but with anhydrous acids aflord carbon disulphide and the 
corresponding glycine amide salts. Triethylamine or aqueous alkali causes dimerisation of (1) 
to a derivative of diaminoacetone, whereas pyridine and alcohols effect polymerisation to 
polyglycines of low molecular weight 


Iw Part III (Cook, Heilbron, and Levy, J., 1948, 201) a synthesis of the novel 2-thio-5- 
thiazolidone (I) by the action of acids on salts of carbamylmethyldithiocarbamic acid was 
described. The present communication is concerned with a study of the action of bases on 
this compound (1). 


HC ¢o CH, CO-NH-CH,Ph CH yCONMH-CH,Ph 

HN 5 NH-CS,H NH yCH,Ph NH-CS-NH-CH,Ph 

al cs i ill 

When (I) was treated with benzylamine in ether at 0°, the product rapidly separated as a 

gum, which was presumably benzylammonium N-(N’-benzyicarbamylmethyl)dithiocarbamate 
(II), since it readily regenerated (1) on acidification. Dissolved in benzylamine, however, and 
gently warmed, (I) yielded the crystalline thiourea (III), identical with that described earlier 
(Cook, Harris, Heilbron, and Shaw, J., 1948, 1058). It will be recalled (Cook, Harris, Heilbron, 
and Shaw, loc, cif.) that relatively minor changes in the experimental conditions gave either 
(III) or benzyl N-(N’-benzylcarbamidomethyl)dithiocarbamate, when 2-benzylthio-5-thia 
zolinone was treated with benzylamine 


CHyCO'N 


ary HH! , Ww 
)+2Hn v NH > OR + cS + HOLA 


ed / . 
ts, HLH ‘ NH, HCI 
(Iv 


CH Ped | 
vy 


CH,CON ¢ CH,CO-N 
| ‘ i 


NH NH 
cS-S-CH,Ph 


Morpholine, selected as a model secondary amine, was found to react rapidly and exothermally 
with (I) im ether, acetone, or ethanol to give the morpholinium salt of N-dithiocarboxy- 
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glycine morpholide (IV) in a yield of 87%. This structure was confirmed by shaking (1V) with 
benzy! chloride in ether-water, whereupon the S-benzy! ester was produced. Under more 
vigorous conditions, however, or when (IV) was heated in methanol, hydrogen sulphide was 
lost and the substituted thiourea (VY) was produced. (1V) was reconverted into (I) in 84% yield 
by dissolution in water and acidification with hydrochlone acid, so that the synthesis of the 
thiothiazolidone is by no means confined to simple carbamylalkyldithiocarbamates. Indeed, 
the morpholide (IV) appeared to undergo cyclisation even more readily than the simple amide. 
When (iV) was treated with dry hydrogen chioride in chloroform, however, another reaction 
took place, carbon disulphide, morpholine hydrochloride, and glycine morpholide hydrochloride 
being produced When 3-acetyl-2-thio-5-thiazolidone (Cook, Heilbron, and Levy, lec. cit.) 
(the location of the acety! group in the 3-position is not proven though it is supported by the 
low melting point of the compound) was treated with morpholine in acetone, (IV) was once again 
prodaced, the acety! group was also detached by rapid treatment with warm concentrated 
hydrochloric acid, (1) being wolated. 

When 2-thio-5-thiazolidone (1) was treated with triethylamine in acetone, a crystalline 
sali rapidly separated which seemed from its composition to be the triethylamine salt of (I) 
On acidification in water, however. it gave a labile yellow isomeride of (1), which for reasons 
which will now be developed is regarded as a dimeride, C§H,O,N,S, (VI This substance was 
soluble in sodium hydrogen carbonate and gave a dark green colour with ferric chloride. The 
same compound was produced, to the extent of about 60°%,, by keeping (1) overnight in sodium 
hydroxide or carbonate solution, and acidifying the solution, the remaining 40% was converted 
into sodium carboxymethyldithiocarbamate, which decomposed to give glycine and carbon 
disulphide on acidification. The dimeride was freely soluble in cold acetone, methanol, or 
ethanol, but after a few minutes these solutions deposited colourless needles of a compound, 
C,H,OWN,S, (V1), which was soluble in sodium hydroxide though no longer soluble in sodium 
hydrogen carbonate, and gave a deep green colour, rapidly becoming purple, with ferric chloride 
It afforded a reddish-parple colour with the ninhydrin reagent, was insoluble in common solvents, 
and melted with decomposition about 200°. Inspection of the empirical formula shows that 
loss of carbon disulphide and addition of the elements of water had occurred in this reaction 
The compound (V11) was most conveniently prepared by dissolving the triethylamine salt of 
(VI) in acetic acid, whereupon it separated almost immediately in 75°, yield. An important 
clue to the nature of these compounds was provided by acid hydrolysis of (VII), which very 
readily gave carbon disulphide, carbon dioxide, and 1: 3-diaminoacetone {isolated as its 
dipwcrate), The dimeride (V1) also yielded these products when boiled for a short while with 
2n-hydrochioric acid, but a salphur-containing subsiance isomers with (V11), but of unknown 
structure, was formed in addition The last-mentioned substance gave no diaminoacetone on 
turther hydrolysis, and therefore represents an alternative path of decomposition 

(Hy C(O} « 0 CHY-CO-CH—COM CH,-CO-CH—CO\H 


Nu ,_ NH, NH a NH, NH 


CSS-CH,Ph 
On 
NHWCOM 


vu Vill 


The isolation of diamimoacetone showed that the dimermation reaction essentially involved 


attaching the carbonyl grouping of one thiazolone molecule to the active methylene group of 


another, yielding ultimately a ketone Thus the simplest expression for the dimeride is the 
dithiocarbamic acikd (Via), which also satislactorily accommodates all the known facts 
Compound (VII) then becomes y-amnno-a-dithiocarboryaminoacetoacetic acid betaine, the structure 
f which is in keeping with its ewitterionic character and ease of hydrolysis The dimerisation 
of (1) recalls a samilar change which takes place when 2-phenyloxazolone is treated with Grignard 
reagents or a mixture of triethylamine and hydrogen cyanide (Cook, Elvidge, Heilbron, and 
Levy The Chemistry of Penicillin,” Princeton Univ. Press, 1949, p. 738; Bailey, Baker 
and Bradley, tid). The dimeride in this case has been shown to be “ dibenzamidod) 
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oxytetrol ” (VIII) (Cornforth and Huang, J., 1948, 1958), and so the formally similar expression 
(Vid) should be considered for the dimeride of 2-thio-S-thiazolidone. This alternative 
expression would not seem to account so well, however, for the addition of water under mild 
conditions to give (VII). 

When (VII) was shaken with benzyl chloride and sodium carbonate solution a mono-S- 
benzy! derivative was obtained, which formed a highly crystalline hydrochioride. It was soluble 
in aqueous sodium hydroxide (though not in aqueous sodium carbonate) and gave an intense 
colour with the ninhydrin reagent, even in the presence of cupric carbonate, and is therefore 
formulated as the y-amino-acid (IX). Under other conditions (I), (V1), and the triethylamine 
salt of (V1) give altogether three further benzyl derivatives; the analyses, solubilities in alkali, 
and colour reactions do not, however, provide sufficient evidence on which to assign structures 
to them. but their interrelations are summarised in the following scheme 


NEY . 
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Acetylation of (I), (V1), and (VII) in the presence of bases leads to a variety of derivatives 
dependent on quite small changes in the experimental conditions. The products contain either 
2 or 3 acety! groups, and have all to some extent lost the elements of water. While it is yet too 
soon to assign individual structures, it is probable from the fact that they do not give ferric 
chloride colours and do not regenerate the starting materials on hydrolysis, that the products are 
acetylated thiazoles and oxazoles formed by cyclisation of ~NH-CS,H and ~NH-*CO-CH, on to 
the enolic hydroxy! group of (VI) and (VII). The results are summarised in the table. 


Derivative of (VI) produced. 


No. of Plements 


Starting material Reagent Ac groups lost M.p 
AcsO-NEt, 


H,O 137 


NFt, derivative * of (VI * cS, HO aes 

NEt, derivative‘ of (VII 2H,O 147 
: - i73 

* From (V1) by pyridine or from the NEt, 


o oo Ac,O-C HN 
* From (I) by aqueous alkali. * From (1) by NEt, 
derivative of (V1) by AcOH 


Finally, by the action of pyridine on (1), slowly in the cold or rapidly on heating, a substance 
was produced which was insoluble in water and all organic solvents, and soluble only in 
concentrated hydrochloric acid and aqueous alkalis. Since most of the sulphur had been 
lost, the material is regarded as a crude polyglycine. It is worth recalling that pyridine rapidly 
effects the expulsion of carbon dioxide from the analogous anhydrocarboxyamino-acids, with 
accompanying polymerisation (inter alia, Wesseley and Sigmund, Z. physiol. Chem., 1926, 157, 
91). A Van Slyke amino-nitrogen determination indicated a molecular weight of 605 per 
terminal ~NH,, which corresponds to about 9 glycine residues, in fair agreement with the 
analytical figures, which indicate one atom of sulphur in such a molecule. Insoluble high- 
melting substances of similar gross composition were also produced by refluxing (I) for a short 
time in methanol or ethanol, the methoxyl content of a product from the former solvent 
indicating an average molecular length of 8 glycine residues. 


EXPERIMENTAL, 


Action of Benrylamine on (1).—-2-Thio-5-thiazolidone (1-0 g.) was dissolved in dry ether, and benzyl- 
amine (1-61 ¢., 2 equivs.) added at 6°. A white solid ted at once, which became gummy on 
exposure to air and afforded (I) on acidification with 2n-hydrochloric acid 
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Action of Morpholine on (1).--Morpholine (1-6 ¢. 2 equiva) was added to 2-thio-5-thiazolidone 
1-3 ¢.) im acetone (20 <.c.) at 0” during 2 minutes, and the product (2-6 g.. 87%), m. p. 127° (decomp.), 
off after 15 minutes at room temperature. The morpholinium salt of | }-dithiocarbox lycine- 
er a eee an ee he a oe ht tn ae ound 
H, 64; WN. 1346 CautterOeNads requires C, 43-40 N, 13-7%), though after 
Seutiontinn from hot methanol the m. p. rose to 193°, giving (V). It gave a colourless precipitate 
with aqueous mercurs chloride, a creamy ipitate (decomp. 100°) with lead acetate, and a pale 
yellow silver salt which rapidly darkened was black after 1-2 minetes. The salt (1V) was shaken 
with excess of benzyl chloride in ether-water for 2-5 hours, whereupon the bency! ester separated. it 
a from ethanol in star-like clusters of needles, m 136-136" (Found: C, 542; H, @1 
N, #a gH sO UNS, requires C, 54-2; H. 58; N, 90%). (1) (1:3 g.) was warmed on the steam-bath 
with mor (10 ¢.c.) for 5 minutes and dilated with acetone to give the substituted Micures (V) 
(07 £.), p 195-196" (decomp,) (after crystallisation from methanol or water) (Found: N, 15-5 
Cy MH yO, n.d S requires N, 15-4%) 

The salt | (1V) (24 @.) im water (10 ¢.c.) was treated with concentrated hydrochloric acid (3 cc.) at 0", 
whereupon (1) (0-05 ¢, 64%) separated immediately. When dissolved in chloroform, however, and 
treated with dry hydrogen chloride, (1V) gave glycine morpholide hydrochloride, m. p. 238", alter 
evaporation and crystallisation of the residue from ethanol (Found: C, 40-8; H, 7-2; N, 149 
C,H,,O,8 Cl requires C, 36-9; H, 7-2; N, 15-56%). Addition of ether to the filtrate gave morpholine 
hydrochioruie, mp. 178-179" (after recrystallisation from methanol-ether) 

3- Acety!-2-thio-5-thiazolidone (Cook, Heilbron, and Levy, jcc. eit.) with morpholine im acetone or 
ethyl acetate afforded (1V), m. p. 137° (decomp.), when seeded and scratched. When the acetyl 
derivative was warmed with concentrated hydrochloric acid until dissolved, (I) separated in flakes on 
cooling, and was identified by its ability to give an intense purple colour with iodine in the presence of 
sodium acetate and by the characteristic formation of long les on recrystallisation from benzene 

The Dimerisation of (1). —-2-Thic-5-thiazolidone (1-3 g.) in acetone (15 c.c.) was treated with triethy! 
amine (1-0 g.. | equiv.) under nitrogen, and the resulting bistricthylamine salt (1-4 g., 61%), m. p. 133° 
decomp ), — Pe. alter 20 minutes, washed with acetone to remove a little colour, and analysed 
directly (Pound 4655; H, 79: N, 11-0. C.H,O.N,S,2C,H,,N requires C, 461; H, 7-7; N, 
11-0%). The yield was not improved by using 2 equiv alents of triethylamine. It was soluble in water, 
methanol, chloroform, or pyridine, insoluble in ethanol, ether, or ethy! acetate, and was best recrystallised 
from methanol-ethy!l acetate. The triethylamine salt was unstable, changing to a black tar when 
kept overnight, and solutions rapidly developed intense red and ay colours on exposure to air. 
Treatment with morpholine in chloroform caused separation of the corresponding morpholine salt, 
mp. 154° (decomp 

fhen the triethylamine salt was dissolved in water and acidified with concentrated hydrochloric acid 
at 0°, a yellow gum was precipitated which solidified after a little scratching to give the dimeride (see 
below). Conversely, the triethylamine or morpholine salt was obtained, when this was treated with the 
ap propriate base in acetone he dimeride (V1) (4-5 g., 64%) was best prepared by keeping (1) (7-0 g.) 
in 10% sodiem hydroxude solution (40 cc) overnight under nitrogen and then acidifying the solution 


at O° (Pound: C, 27-4; H. 24; S, 47-7. C HOw ye « Fequires C, 27-1; H, 23; S, 481%); carbon 
ts 


disulphide was present in the filtrate. The same reso were obtained using sodium carbonate solution 
Thus secured, the dimeride darkened gradually at > 200°, obvious decomposition setting in at > 250 
It was soluble in aqueous sodium hydrogen carbonate with eflervescence, the solution darkening if 
exposed to air, and was precipitated unchanged on acidification. It was insoluble in benzene, ethyl! 
acetate, ether, or chloroform, but freely soluble in cold acetone or methanol, and rather less so in ethanol 

When kept for 5-10 minutes, or immediately when boiled or treated with pyridine, the above solutions 
deposited the befame (VII) which decomposed indefinitely above 200°, was insoluble in all common 
solvents, and could be recrystallised from a large volume of water in long, colourless needles (Found 
C, 23; H, 42; N, 13-0; S, 306. C,H,O,N,S, requires C, 26-9; H, 3-9; N, 13-5; S, 308%). The 
compound was soluble in aqueous sodium hydroxide, whence it was reprecipitated by acids, difficultly 
soluble in sodium carbonate, and insoluble in sodiaom hydrogen carbonate. The compound was most 
conveniently prepared by dissolving the triethylamine salt of (VI) (4-2 g.) in acetic acid (25 c.c.) under 
nitrogen, and collecting the crystals (1-4 g.. 75%) after 0-5 hour 

Med Hydrotyses The above compound (VII) (0-5 g.) was heated under reflux with 2~-hydrochlorix 
acid (10 ¢.c.) for 3 minutes, by which tume a clear solution had resulted. Carbon disulphide was observed 
as oily drops in the condenser, and carbon dioxide was detected with saturated aqueous barium hydroxide 
in the usual way. Evaporation gave diaminoacetone dihydrochloride which was not readily 
purified but with picric acid yiekled | | 3-diamunoacetone dipicrate which crystallised from dilute 
aqueous piers acid in long yellow needles, m. p. 210-—215" (decomp) (Found: (€, 31-9; H, 
30. C,HJON, 2C,H,O.N, H,O requires C, 31-0; H, 20%). The same dipicrate was prepared from 
authentic diaminoacetone, obtained by hydrolysis of “ dibenzamidodioxytetrol “ (Righemmer, Ber 
1888 21 3925 The betaine (VII) was also decomposed by boiling it with water for 15 minutes, but 
addition of picric acid failed to yield the above picrate in this case 

The dimeride (V1) (1-6 @ .) was heated ender reflux with 2~-hydrochloric acid (10 c.c ) for 10 minutes, 
dissolving with vigorous effervescence (carbon dioxide) and production of carbon disulphide. The 
solution was evaporated, and the yellow gum dissolved in water (8 c.c.), granular prisms (0-5 g.), m. p 
177° (decomp), being slowly deposited; the filtrate gave diaminoacetone dipicrate (0-25 g.} with picnic 
acid The abowe substance was recrystallised from water containing a little hydrochloric acid, whence 
it separated slowly and had m p. 174° (decomp.) (Found: C, 20-3, 286; H, 43, 3-7; N, 146, 12-45 
C,H,ON,S, requires C, 28-9; H. 3-9; N, 135%, It was sparingly souble in common solvents, soluble 
in aqueous sxdiam hydroxide though not in sodium hydrogen carbonate and was recovered unchanged 
after being heated for 0-5 hour at 100° with 2x-hydrochiloric acid. The dimeride (V1) was transformed 
in poor yield inte (VII) when boiled with water 

Hensylahon Esperiments._Compound (VI!) (0-77 g.) was suspended in 2n-sodium carbonate (10 c.c_) 
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a ee ee chioride (2 c.c.) and ether (10 ¢.c.). The insoluble benzyl derivative 
wat p. iso" was rec from 2n-b 18 
olour needics, m. p. 196" 

Coal sf »,N,S,. HCI aaaked, 43-1; 
insoluble in acetone, and gave a green colour with fernc 


The amino-acid, when heated with ninhydrin and sodium acetate, gave a reddish colour becoming 
intense green in the of cupric carbonate. pt-Alanine gave no colour under these conditions. 
2-Thio-5- (1) (6-0 g.) in 2x-sodium carbonate (50 c.c.) was shaken overnight with 
chioride (5 c.c.) in ether (30 c.c.) under nitrogen; an insoluble S-benzyl derivative (40 g.). mp. } 
(decomp.), was produced Acidification of the aqueous layer gave N-dithiocarbobensyloxyglycine 
(i-2 2), m p. 164°. The benzyl derivative was soluble in pombe theagne Deyn» acetate, sparingly soluble 
in cold methanol or ethanol, and luble in ether, chloroform cols poten; & Capmpene mot 
solvents. The same compound (vse ) was produced when (V1) (1-0 @.) im 2x-sodium carbonate (20 ¢.¢.) 
was shaken with benzy! chioride (1-5 cc.) in ether for 1-6 hours under nitrogen. in acetone, it gave a 
deep indigo-blue colour with ferric chloride, extractable into chloroform, which became green with 
chionde 





excess of ferric 

When the preceding benzy! derivative was crystallised y from hot acetic acid, me 
separated in needles, m. p. 195° rare ts tee C, 53-9; H, 42; N, 645; S, 263 0, 
requires C, 53-6; H, 40; N, 63; S 7%). The acidity of the acetic acid was responsible for this 
change, which was more conveniently effected by adding a few drops of concentrated hydrochloric acid 
to an acetone solution of the lower-melting benzyl derivative, whereupon the compound, m. p. 195°, 
was quantitatively precipitated. It was insoluble in common solvents, and gave a deep green colour 
when warmed with methanolic ferric chloride. Both benzyl derivatives were imsoluble in cold 
2n-sodium hydroxide, but dissolved on heating, with liberation of toluene-w thiol; acidification gave a 
yellow flocculent precipitate. When the triethylamine salt of (VI) was warmed with benzyl! chloride in 
methanol or chloroform, the benzy! derivative, m. p. 195° (decomp.), rapidly separated. When shaken 
overnight with benzyl chioride (3 c.c.) in ether (10 ¢.c.) and water (8 c.c.), however, the triethylamine 
salt (2-6 g.) yielded a different benzy| derivative (1-9 g.), m. p. 140° (decomp.). This was unaffected 
by cold dilute acids, but was soluble in cold 2n-sodium hydroxide liberating triethylamine, whereafter 
acidification afforded a yellow precipitate, m. p. 110° (decomp.) after contracting at 76° 

Acetylahon Experwments.—The hylamine salt of (VI) was warmed with excess of acetic 
anhydride for a few minutes, cooled, scratched, and diluted with water to give a derivative 
m. p. 157-158", colourless needles from ethanol (Found: C, 406; H, 20; N, 107; 8S, 266 
C,H,O,N,S, requires C, 42-2; H, 31; N, 10-9; S, 250%). The compound was insoluble in cold 
2n-sodium hydroxide, dissolving on heating to give a -orange tion, and did not give an 
insoluble picrate or hydrochloride in benzene (V1) itself was not acetylated smoothly, though when an 
equivalent quantity of trethylamine was present, the above acetyl! derivative was obtained. With only 
a trace of triethylamine, however, an acetyl derivative, m. p. 137°, was secured, which to be 
the same as that obtained from (1) and acetic anhydride-triethylamine (see below). W (Vl) was 
covered with acetic anhydride and a drop of pyridine added, immediate reaction led to the separation of 
a colourless crystalline mass, m. p. 95° (vigorous —— - ) (after being washed with ethanol). This was 
clearly of a different character from the other acetyl derivatives mentioned in this section. (VII) 
dissolved in hot acetic anhydride-pyridine to give an orange solution; dilution with water and 
crystalhsation of the 4 
decomp When (VII) was boiled for a few moments with acetic anhydride trieth 
and diluted with ethanol, a friacetyl derivative was obtained which crystallised from 
of small needles, = 4 147° (Found: C. 44-8; H, 36; N, 09; S, 21-7. C,,HyO,N,S, requires C, 
443; H, 34; 4; S, 21-56%). The compound did not yield a ate in benzene, and 
was deacetylated wn warm 2n-hydrochloric acid to give a product, m 165° (decomp). 2-Thio-5- 
thiazolidone (1) was suspended in acetic anhydride; addition of triethylamine caused an exothermic 
reaction and development of a red colour. After 2 hours, the friacety! derivative was collected and 
recrystallised from chloroform-ethanol, having m p 135-137" (Pound: C, 386; H, 28; N, #1; 
S, 343. C,,H,O,N,S, requires C, 38-5; H, 2-7; N, 75; S, 342%). Attempts to the 
material from dilute acetic acid or ethanol led to deacetylation, and the production of a compound, 
m. p. 198° (decomp.), which was reconverted into the original triacetyl derivative by acetic anhydride 
triethylamine. The triacety! derivative was insoluble in cold 2n-sodium hydroxide, but dissolved on 
warming 

Polymerisation of (1 2-Thio-5-thiazolidone (140 g.) was kept in the dark in pyridine (10 ¢.c.) for 
18 hours under nitrogen, and the yellow solid (0-45 g.) which had 
and then with acetone (Found, after drying for 4 hours at 100° /0-1 min 
S, 64%). The substance decomposed indefinitely above 200°, and was 
including hot and acetic acid. It was almost wholly soluble in aqueous sodium hydrogen 
carbonate, car te, or hydroxide, but only a small recovery was obtained on acidification of such 
solutions. It was soluble in concentrated hydrochloric acid and in hot dilute acid, though almost 
insoluble in hot water. In another experiment, (I) (0-2 g.) was boiled with pyridine (5 cc.) for 
2—3 minutes under nitrogen, and the polymer filtered off, washed well with . and dried for 
4 hours at 100°/0-1 mm. (Found: C, 384; H, 5-5; N, 195; S, 56; amino-N (Van Slyke; kindly 
determined by Dr. J. L. Bailey), 2-3%) 

2-Thio-5-thiazohdone (0-5 g.) was ted under reflux with methanol (10 c.c.) for a few minutes in 
oe = ee ee ee ope A BB yr gh FKL. 
wes a tte th ae for 3 hours at $0°/0-1 mm.): C, 37-7, 36-7; H, 6-4, 6-6; N, 
19-7, 20-0; S, 7-75, 7-4 cO, 58. C HedD»¥ Sy (6s.. H ap ah ge te a ty ie) taantoee ©. 304: 

though 





H, 50: N, 199; S, 113; Meo, 5-74) 
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tpitation was slower. The products were soluble in concentrated hydrochloric acid, and in sodium 
on warming, but could not be suitably recovered by diluton with water or acidification, 
fespectively. They were insoluble in hot pyridine or acetic acid, but readily soluble in formic ackl. 


We ex our gratitude to Sir lan Heilbron, D.5.0., F_K.S., for his interest, and to the Depart meat 
ol Se and Industrial Research for a Senior Research Award to one of us (A. L. L.) 
Iupeetat Cottece or Science any TEcuNéotooy, 
Kaewstnctow, Lowpon, $.W.7. [Recetved, Nowember 18th, 1949) 


124. Studies in the Awle Series. Part XXVI. The Action of 
Bases on 2-Thio-4-methyl-5-thiazolidone. 
By A. H. Coox and A. L. Levy. 


2-Thio-4 methy!l-5-thiazolidone (1) exhibits a markedly greater statiity than its analogue 
lineussed in the preceding paper. While the ring is still readily opened by ammonia and 
morpholine, the products tend to revert im large part to ([) on acidification, even under 
anhydrous conditions § The carbon disulphide can hberated from the ammonium dithio 
carbamate, however, by very slow acidification in water under controlled conditions 1) 
polymerises in boiling pyridine, but is stable to cold triethylamine 


I~ view of the reactivity of 2-thio-5-thiazolidone and as a model for 4-substituted thicthiazol- 
idones, (+)-2-thio-4-methyl!-5-thiazolidone (I) was selected for study. The preparation of 
a-aminopropionitrile was improved, and the base condensed with acetone in the presence of 
sodium methoxide (cf. Cook, Heilbron, and Levy, Part III, /., 1948, 201) to give 5-imino- 
2:2: 4-trimethyloxazolidine (II), With carbon disulphide in wet acetone, this afforded 
«-carbamylethylammonium a-carbamylethylduthiocarbamate (111), which yielded the required 
thiothasolidone (1) in 90% yield on acidification with two equivalents of 2n-sulphuric acid 
Acidification with dry hydrogen chloride in ethanol gave alanine amide hydrochloride tn 60% 
yield, also obtained from (II) and hydrochloric acid. While 2-aminopropionitrnle was avail- 
able, advantage was taken of the experience gained with aminoacetonitrile, to improve its 
condensation with carbon disulphide (Cook, Heilbron, and Levy, /., 1947, 1508), and 4-amuno- 
2-mercapto-4-methylthiazole was obtained directly in 61%, yield. It readily formed a Schiff's 
base with pyruvie acid, but could not be converted into (I) with acids 


CHM co CHM CNH CHL/CHCONH, 
HN » HN NH 


CS,H_NH,CH(CH )CO-NH, 
iit 


When (1) was treated with ammonia in ethanol, 90% of ammonim «-carbamylethyldithio- 
arbamaie (cf. 111) rapidly crystallised, On acidifying a solution of the ammonium salt in water, 
I} was recovered in high yield, but treatment with dry hydrogen chloride in ethanol gave 

crude alanine amide hydrochloride in 64% yield, only 12%, undergoing ring-closure to (I). 
Alternatively, methanolic picric acid could be used to provide crude alanine amide picrate in 
70% yield, ammonium picrate being recovered quantitatively. It was of interest to see, using 
ammonium 2-carbamylethyldithiocarhamate as a model, whether carbon disulphide could also 
be detached by a more controlled acidification in water. It was therefore slowly titrated against 
006s-hydrochioric acid, the changes in pH being followed with a glass electrode The initial 
pH (6°26) fell on addition of acid as the dithiocarbamic acid corresponding to (II1) was liberated. 
Thereafter the pH began to rise, following a unimolecular curve and becoming constant after 
about five minutes. Clearly, this stage corresponded to loss of carbon disulphide from 
a-carbamylethyldithiocarbamic acid to give alanine amide, which would however be expected 
to neutralise at once any undecomposed acid to give (111), resulting in only half the theoretical 
quantity of carbon disulphide being lost for each addition of acid. This was borne out by the 
final titratron curve which showed that two equivalents of acid were required to expel all the 
carbon disulphide, The course was constructed by observing the pH of the solution at an 
arbitrarily standardised time of three minutes after the addition of each drop of acid, i.¢., when 
about 85° of the «carbamylethyldithiocarbamic acid had decomposed. Carbon disulphide 
separated from the solution during the titratson, which took several hours, and no thiothiazolidone 
(1) was produced. For comparison, ammonium s-carbamyiethyldithiocarbamate was titrated 
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against 0-1x-hydrochloric acid during 11 minutes; in this case (I) separated from the solution, 
and the curve obtained was quite different {rom that obtained by slow titration, the first half 
being of the expected form for neutralsation of an ammonium salt. It appeared, therefore, that 
very slow acidification allowed «-carbamylethyidithiocarbamic acid to decompose before the 
pH became sufficiently low to cause thicthiazolidone formation. In order to gain some estimate 
of this pH value, the ammonium salt was acidified with a series of buffer solutions (pH 1:26— 
28). Crystallisation of (1) practically ceased at pH 2:5, though by working with a very concen 
trated solution a smal! degree of cyclisation was brought about by potassium bydrogen phthalate 
(pH 4). Hence, ring-closure of (III) and the corresponding ammonium salt to (1) was readily 
effected by such compounds as aqueous oxalic, sulphurous, and acetic acids, an 85% yield 
being obtained with acetic acid 


, 


MetCHCON O Me<HCO-N vb 


NH a, NH 


—_ 


CSHNH OO 


Y 


N-CS,HNH d 
Vi) 


When (1) was kept with two equivalent proportions of morpholine in acetone solution, the 
crystalline morpholimum salt of N-dithiocarboxyalanine morpholide (1V) soon separated in a 
yield of 89%. Acidification of this salt regenerated (1) in a yield of 87%. The salt was re- 
markably labile, for when kept for a short time in solvents it was completely decomposed to a 
mixture of the substituted thiourea (V) and the morpholinium salt of 4-dithiocarbox 
(V1), each of which could be isolated under appropriate conditions. When (1) was warmed with 
excess of morpholine, (VI) was the main product, treatment of which with aqueous acid gave the 
corresponding unstable free dithiocarbamic acid. Acidification of (IV) with dry hydrogen chloride 
in chloroform gave a poor yield of crude alanine morpholide hydrochloride, and 44% of the 
dithiocarbamate reverted to (1). This contrasts with the ready expulsion of carbon disulphide 
from the corresponding glycine derivative (preceding paper), and indicates the considerable 
influence of the methy! substituent in promoting ring-closure 

Again unlike 2-thio-5-thiazolidone, (1) was unaffected by triethylamine in cold acetone, and 
did not yield an insoluble polymer when heated under reflux with methanol However, in boiling 
pyridine, a high-melting, insoluble compound was produced after some time, which is probably 
a lower polyalanine 

he thiothiazolidone (I) dissolved in one equivalent of aqueous barium hydroxide or potassium 
hydroxide to give a solution of pH 85, which slowly became more acid on storage. When 
the pH had reached 7-7 (after 11 minutes) colourless needles began to separate, which increased 
in amount during several hours. Surprisingly, these were identified as (1), and its formation 
was evidently due to slow ring-opening of (VII) to give the carboxylic acid (VIII), which being 
a comparatively strong acid captured the limited number of potassiam jons present from the 
weakest acid, namely (1 The salt (VII) was also decomposed by carbon dioxide to give (1). 


Me- Hi ) Me-CH-CO,H MeCH-CO,K 
N 5 NH NH + (1) 


C-SK CS,K CS K 
(vil vill 


At pH 9, approximately one-third of (I) decomposed during the first hour, and no evidence 
was obtained of dimerisation under the influence of alkali, as was the case with 
2-thio-5-thiazolidone. 

EXPERIMENTAL. 

2. Thio-4-methyl-S-thiasolidome and Related Compounds.--In our hands, the following preparation 
of «-aminopropionitrile gave better results than that described in Part II (/., 1967, 1598), and by 
Coldberg and Kelly (/., 1947, 1371). Acetaldehyde (180g ; freshly prepared from paraldehyde) and 
hydrogen cyanide (160 c.c.) were mixed in a large flask cooled in a freezing mixture, 50% aqueous 
potassium hydroxide cautiously added to initiate the vigorous autocatalytic reaction, and aon 
subsequently continued until no further heating effect was produced (2--3 cc. required). After | hour 
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at room temperature, the catalyst was neutraleed with concentrated sulpburic acad, and the mixture 
Gitered and distilied at 10-12 mm. After an initial fraction, b. p. ~50" (paraldehyde), acetaldehyde 
cyanohydrin (106 g.. 36%) distilled smoothly at 92°. Commercial acetaldehyde gave variable results 
by this procedure, though one batch (600 ¢) gave a 60%, yield of cyanobydrin. The cyanohydrin 
(167 @.) was added to a solution of bquid ammonia (100 g.) in methanol (400 cc), and the mixture kept 
at room temperature for 22.5 hours Excess of methanol and ammonia was removed im a vacuum, and 
the residue distilled at 10-12 mm, an initial fraction (mainly water) being followed by the pure 
@aminopropionitrile (785 g., 48%), b. p ° 

« Aminopropionitrile (1 ¢.) in dry acetone (20 ¢.¢ ) was treated with a solution of sodium (~-2 g.) 
in dry ethanol |~2 ¢.c.), the mixture becoming slightly warm. Next morning, the mixture was cooled 
in a freezing mixture and scratched, whereupon 5-imino-2 : 2: 4-trimethyloxazolidine (92 g., 50%) 
separated, having m. p. 76 Like the glycine analogue, it was deliquescent, but solidified again owing 
to carbonate or carbamate formation. With concentrated hydrochloric in ethanol, tt yielded alanine 
amide hydrochloride, m. p. 172-173 When the above acetone filtrate was treated with carbon 
disulphide, it yrelded « <arhamylethylammonium a-carbamylethyldsihtocarbamate ill 4 « which 
crystallised from water on addition of a large ecacess of acetone, in rectangular tablets, m. p. 140" (decomp 
varies with the rate of heating) (Pound. C, 33:35, H, 66; N, 2246. C,H,,O,N,5, requires C, 33-35 
H, @4; N 

When (111) was dissolved in water, and acidified, the required 2-thto-4-methy!-5-thiarolidone rapidly 
separated in high yield, and recrystallised from benzene in beautiful blades, m. p. 128-5" (Found: ( 
330, H, 38; N,O3. C,HJONS, requires C, 32-65; H, 3-4; N, 95%). The thiothiazolidone was 
treely soluble in methanol, ethanol, acetone, ethyl acetate, or ether, moderately in chloroform or acetx 
acid, and insoluble in water or hght petroleum. It dissolved readily in aqueous sadium hydroxide or 
carbonate, but was insoluble in sodiaom hydrogen carbonate Alter treatment with hydroxylamine 
hydrochloride and sadium acetate in methanol, it afforded an intense brown colour (and a precipitate 
im stronger solutions) with ferric chloride 2-Thic-5-thiazolidone gave the same colour (though the 
odine-sodium acetate test is more characteristic in this case; cf. Part IIL, /., 1948, 204), as do many other 
4-substituted-5-thiazolidones and anhydrides generally (Daves and Levy, /., in the press 

For the preparation of 2-thio-4-methy!-5-thiazolidone (1) tn the best yield, it was not necessary to 
wolate eaminopropionitrile of the above imunctrimethyloxazolidine, and a typical procedure was 
as follows Acetaldehyde cyanohydrin (80 g.) was added to a mixture of liquid ammonia (40 cc.) 
and methanol (40 ¢.c.) cooled initially in ice, and kept for 24 hours at room temperature. Excess of 
methanol afd ammonia was then evaporated off on a water pump, until the temperature of the distilling 
liquid had reached 55°, and the residue was dissolved in dry acetone (150c.c.}, treated with sodium ethoxide 
(~@46 g.), and kept overnight. The mixture was then diluted with acetone (250 cc.) containing water 
20 «.c.) and seeded, whereafter addition of carbon disulphide (40 c.c.) with vigorous stirring and scratch- 
ing caused the dithiocarbamate (111) (47-5 g., 33% a on the cyanohydnn) to separate. This was 
dissolved in water and acidified with 2n-sulphuric acid (190 cx 2-Thio-4-methy!-5-thiazolidone 


125---126", rapidly crystallised. Kecrystallisation from benzene gave 18 g., m. p 


The dithiocarbamate (III) (1-26 g.) was suspended im dry ethanol (10 c.c.), and a stream of dry 
hydrogen chiorkde in nitrogen (made by bubbling nitrogen through concentrated hydrochiorc acid 
followed by passage through anhydrous calcium chloride) passed in for 2 hours. II1) dissolved, and was 
replaced by crude alanine amide brydrochloride (0-74 ¢., 60%), m. p. 165-168 

@ Aminopropionitrile (4-5 g.) was treated with excess of carbon disulphide im ethy! acetate, where 
upon 5-ammo- 2-mercapto-4-methylthiasole (5-7 x, 61%) separated on scratching, and recrystallised from 
ethanol in pale yellow needles which contracted and resolidified at about 150°, became dark purple at 

”, and decomposed completely at 233° (Found: C, 33-4, H, 40. C,H,N,S, requires C, 32-9; H, 
iy When the reaction was carried out in ethanol, the prodect was incompletely soluble in hot 
ethanol, the residue being 2: 4-dithio5-methylhydantoin, m. p. 223° (decomp ef. Cook, Heilbron 
and Levy, loc. et.) When the aminothiazole was dissolved in 2n-hydrochioric acid, it was rapidly 
replaced by white needles of the hydrochioride, m. p. 207° (decomp.); on the mixture being warmed to 
70° for | minute a flocculent precipitate, m. p. 195--200° (decomp.), was deposited. The aminothiazole 
gave a clear solution in 2n-nitric acid, which slowly deposted the above compound, m. p. 195-200 
decomp.), in poor yield on storage for some hours; (1) was not obtained. When treated with pyruvic 
ackd in methanol, the thiazole gave an immediate orange precipitate of 5-a-carboryethyiidencamino- 
2-mercaftc-4- methyithiasole which crystallised from acetic aced in clusters of needles, m p. 199° (decomp 
Found: C, 302, H.38 C,HY dyes requires ©, 38-0; H, 3-7% 

haperiments with Ammonmem @-( arbamylethyldithi arbamate 2- Thio -4- methyl - 5 - thazolidone 
20 ¢.) in ethanol (25 cc.) was treated with liquid ammonia (3 c« Ammonium a-carbamyleth yidi- 
thiocarbamate (2-2 ¢., 00%) was collected after 45 minutes, and recrystallised from methanol-ether ; it then 
had m. p. 143 With aqueous silver nitrate it gave a momentary white precipitate which rapidly 
became yellow and then Diack. Lead acetate gave a yellow precipitate which began to deposit a lead 
malphide “ mirror ’ after 5 minutes, whereas mercuric chloride gave a clean, almost white derivative 

he ammonmm salt (10 ¢ ) was suspended in dry ethanol (10 c« and dry hydrogen chloride passed 
in with cooling until the mixture was acid to Congo-red Ammonium chloride (0-3 ¢.) was filtered off, 
and the filtrate evaporated to dryness in a vacuum and treated with a small volume of ethanol to give 
crude alanine amide hydrochloride (0-25 g.), m. p. 158° (decom Re-evaporation and trituration of the 
feskive with acetone gave a second crop (0 19g ‘ jecomp The final filtrate was evaporated, 
and the residue treated with water to give (I r.. 13% 126—128 The combined crops of 
amide hydrochloride (0-44 g., 64%) were recrystallised t 7 acetic acid; the colourless needles 
produced had m. p. 176", undepressed with an authent 

Picric acid (1-15 ¢.) was dissolved in warm methanol (10 c ), and a suspension of the above ammosinm 
salt (0-45 g.) in warm methanol (7 ¢.c.) added. The solution became clear, whereafter cooling in a freezing 
mixture gave ammonium picrate (0-53 ¢., 87%). mp. ~ 250° (decomp The filtrate was evaporated in a 
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vacuum, and four crops of crude alanine amide picrate (total | 0-58 g , 749%) were obtained by dissolution 
of the residue im acetone and precipitation with ether and light petroleum. The combined material 
was recrystallised from water, a small first crop was ammonium picrate, the remainder (0-27 g.; 36 
— alanine amuie picrate, m p. 192-—-200", undepressed on admixture with an authentic samy 


is? 
ae slow-titration experiment was performed at 22° on 3-097 mg. (0-221 mg ine of the 
ammonium salt in water (1-0 c.c.), in a mcro-titration apparatus described by Catch, Cook, and Kitchener 
(J., 1945, 319), using a standard Cambridge pH meter and glass electrode. Addition of ©8897 «cc. of 
60-0497 N-hydrochloric acid (1.¢, 60445 mg.-cquivalent) was required to reach the end-point. In the 
rapid-titration experiment, 10 cc. of 0-3s-ammonium «a-carbamylethyidithiocarbamate was neutralised 
with 5-0c.c_ of @-IN-bydrochioric acid tn a Morton cell, stirring being etlected with a fine stream of nitrogen 

HKaffer solutions of pH 1-26, 1-88, 2-16, 2-4, and 2-6 were prepared by mixing 6-1 »-glycine solution 
0-1. also with respect to sodium chloride) with 0-IN-hydrochlonc acid in the following proportions 
2:8, 5:5, 6:4, 7.3, 8:2. &Ss-Ammonium «carbamylethyidithiocarbamate (1 cc) was added to 
each (10 cx precipitation of (1) by the first two appeared to be as complete as with 0-05n-hydrochlork 
acid. A smaller quantity crystallised from the solution having pH 2-16, and hardly any trom that 
having pH 2-5. eCarbamylethylammonium «-carbamylethyidithiocarbamate (111) (5-0 g.) was dissolved 
im water and acidified with glacial acetic acid (ca. 3 cc), whereupon 2-thio-4-methy!-5-thiazolidone 
(2-45 g., 85%) separated slowly in well-formed plates. When the corresponding ammonium salt was 
acidified with aqueous picric acid, however, ammonium picrate was precipitated, and (1) was not produced 

Action of Morpholine on (1) 2-Thio-4-methyl-5-thiazohdone (1-5 g.) in acetone (25 cc.) was treated 
with morpholine (1-8 g., 2 equivs Heat was evolved and the morpholimewm salt (1V) (20 ¢., 89%) 
of N-dithiocarboxyalanine morpholide separated on scratching, and was recrystallised from chloroform 
by the addition of ethyl acetate containing a little Dee forming ea m. p. 115° (decomp 
partly resolidifying to remelt at ~175°) (Found “2; H, CyHgO NS, requires C, 44-9 
H, 72%). The reaction could — be carned out in he me the “ithi arbamate separating in well- 
formed rectangular pri ™s, m. p. 110° (decomp.), on seeding. If the solution was not seeded, however, 
the thiourea (V) (see below), m. p. 159°, crys sed on storage overnight, whereas, if the dithiocarbamate 
1V) was dissolved in methanol, morpholinmum dithiocarbamate (V1) (see below), m. p. 219° (sealed tube) 
separated on storage ~ sally if the solution had been warmed 

When the compound (IV) (2-0 g.) was dissolved in water (20 ¢.c.) and acidified with concentrated 


tydrochioric acid, 2-thio-4-methy!l-5-thiazolidone (1:15 g., 87%), m. p. 123-—125", was immediately 
precipitated. (IV) (1-0 g.) in dry chloroform (30 c.c.) was saturated with dry hydrogen chloride, and 
evaporated to dryness in a vacuum. Treatment of the residue with ethanol and then acetone gave 
3 crops of crystals (0-68 g., total), the final filtrate giving (1) (0-2 g., 44%), m. p. 124°, on dilution with 
water. Fractionation of the above crystals from ethanol cooled in a freezing mixture gave the less soluble 
morpholine hydrochloride, m. p. 175—-176°, and crude alanine morpholide hydrochloride, m. p. 153-—156° 
The latter became damp on exposure to ait, changing to a compound, m. p. 251° (decomp.), after 


crystallisation from ethanol 

In an attempted crystallisation of (1V) from methanol -cthyl acetate, very little of the required com 
pound was obtained, and evaporation of the filtrate yielded the substituted fAiowrea (V), m. p. 159", 
which eneayeeanaed from benzene-light petroleum in Clusters of rods, m. p. 161-162" (Found: ©, 50-0 
H, 7-7; N, 14-5. C,gH,,O,N,5 requires C, 50-2; H, 7-3; N, 14-6%). t. could also be crystallised from 
water, or in diamond-shaped prisms from methanol or ethanol hen (1) was warmed with excess of 
morpholine for a few moments without a solvent, morpholinium dithiocarbamate (VI) separated; it 
recrystallised from water in rhombic tablets which sublimed unchanged at ~200° and melted (sealed 
tube) at 227° (Found : C, 43-4; H, 7-45; N,11-1. Cale. for C,H,,O,N,S,: C, 43-2; H, 7-2; N, 11-24) 
It was best prepared by the action of carbon disulphide on rey ae ny m acetone, in which it was highly 
insoluble his, incidentally, provides a convenient method for the detection of carbon disulphide in 
small amounts in vapours, etc. When (VI) was dissolved in water and acidified, a white curdy pre 

ipitate was produced, which redissolved during one minute 

Action of Tertiary Amines and — Athaht on (1).—2-Thio-4-methy!-5-thiazolidone (0-73 ¢ 
was kept with triethylamine (0-5 g., — ) in acetone (10 c.c.) for | hour, and the clear yellow solution 
acidified with dry hydrogen « ioskhe nethylamine hydrochloride was filtered off, and a further crop 
removed by evaporation and treatment with ether. The filtrate was eva pesated, and the residue 
(0-45 g.), m. p. 116°, washed with water. Crystallisation from benzene gave (1), m. p. 125", and a emall 
insoluble residue, m. p. 210° (decomp.), soluble in aqueous sodium hydroxide and reprecipitated on 
acidification 

The thiazolidone (1) (1-0 g.) was heated under reflux with pyridine (10 c.c.) for 30 minutes, and the 
resulting gel diluted with methanol to granulate the polymer, which contracted considerably when 
dried at 100° (Found: C, 47-2; H, 7-2; N, 17-4; 5, 038%). It was a white powder, m. p. ~200", 
insoluble in common solvents. (1) (10 g.) was when heated under reflux with methanol 
(10 «.c.) for 1 hour; the product was oily and readily soluble in organic liquids 

Saturated solutions of (1) in 0-34x-barium hydroxide and 0-5n- -potassium hydroxide deposited colour- 
less needles, m. p. 126°, of (1) after a short while (see p. 643), An attempt was made to follow 
the decomposition of (1) “with alkali, by the pH constant at ® with small ve additions 
of 0-34n-barium hydroxide. The readings variable and unreliable after t 30 minutes, but 
it was established that about 33% of (1) decomposed during the first hour. 


We are grateful to Sir Ian Heilbron, D.S.O., F.RLS., for his interest and encouragement, and to the 
Department of Scientific and Industrial Research for a Senior Research Award to one of us (A. L. L.). 
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of Peptide Synthesis: Glycyl Peptides. 
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2-Thie-+-thiazolidone (1) is a useful reagent for the addition of a glycyl resadue to the ester 
of an eamino-acid of pepude im 4 mangle uperation. Coupling takes place in the presence of a 
tertiary base and the priciuct is released by acidification In this way, for example, the 

aygtycine esters up to peataghycme ethy! ester hydrochloride (111) have been prepared stepwise 
rom glycine ester, in gocel yields at cach stage. « Amino-acid of peptide esters are very 
suitable for partition chromatography on paper, and may be revealed by the ase of ninhydrin 
im the esual way 



































in Part XLX (Millamoria and Cook, /., 1949, 2323) anhydrocarboxyglycine was shown to be too 
reactive to allow a useful synthesis of giycyligiycine ester. In Part X XV, however (/., 1950, 637 
a method for the controlled preparation of glycine amides from the dithio-analogue, 2-thio-5 
thiazolidone (1), was established in principle, using morpholine as a model base. In the present 
paper, the application of this reaction to 2-amino-esters is described and shown to provide a ready 
method for the synthesis of glycyl peptides 







if ca 

HN é Ch, rNHe¢ H,CO,Et 

NH«S,HLNH, CHYCO,Et 
i! 


HO CHYCONH-CH,CO,Ft 


or ie cs, HolLNHyCH,CO,Et 
if 


When 2-thio-5-thiazolidone (1) was treated with two equivalents of glycine ethyl ester in 
ethyl acetate, the dithiocarbamate (I1) separated as an uncrystallisable oil. In chloroform 
however, a clear solution resulted and, when this was treated directly with dry hydrogen chloride 
and evaporated, a mixture of glycine ester hydrochloride and glycyligtycine ester hydrochloride 
was obtained. A better procedure was to conduct the initial condensation in ethanol, acidific 
ation of the clear solution with ethanolic hydrogen chloride causing separation of the crude 
peptide ester hydrochloride in 78% yield. This was freed from glycine ester hydrochloride by one 
crystallisation from ethanol, the yield of pure material being then 50%, 

Giycyigiycine ethy! ester (two equivalents) was added to one equivalent of (I) in ethanol, 
followed almost immediately by two equivalents of ethanolic hydrogen chloride, which caused 
rapid separation of almost pure trighycine ester hydrochloride in 96°, yield, the filtrate yielding 
crystals of the dipeptide ester hydrochloride on storage Treatment of (1) with one equivalent 
miy of glycine ester gave a poor yield of impure dipeptide. However, (1) reacted smoothly 


} 


with a mixture of one equivalent each of glycine ester and triethylamine in chloroform, and 


acidification then caused pure glycyigiycine ester hydrochloride to separate in 57% yield, 


triethylamine hydrochloride being soluble in chloroform 


NH CH, CO,Et , CHyCONH-CHYCO,Et HG CHyCONH-CH,CO,Et 


. CS, + NHEt,Cl 
NEt, NH-CS,H.NEt, ” NH,HCI ’ 4 





The peptide ester hydrochlorides may conveniently be converted into the bases in sifu by 


treating the thiothiazolidone directly with an amino-ester hydrochloride and two equivalents 
wf triethylamine Thus, (I) in ethanol gave an 86%, yield of the tripeptide ester hydrochloride 
the yield of giveyigtycine ester by this procedure being 70°, This general method was used in 


HC.NH,)CHyCONH-CH,CO,Et 28C CHYCO-NH-CH,CONH-CH,-CO,Et 


CS, + 2NHEt,CI 
2NEt, ” NH, HCl . ’ 





subsequent experiments. When it was applied to the above tripeptide ester hydrochloride, 
tetraglycine ethy! ester hydrochionde was obtained in a yield of 88° The latter gave a strong 
biuret reaction, unlike the starting material and lower peptides. This fact is responsible for the 
trivial name “ biuret base " given by Curtius (Ber., 1883, 16, 755; 1904, 37, 1286) to the tetra- 
peptide ester, which he prepared by keeping glycine ester for several weeks in ahydrous ether 
Curtius recorded for the hydrochloride m P 1e2 193", whereas Fischer (Ber., 1904, 37, 2504), 
who prepared the compound by esterification of tetraglycine, gave a value of 212—-214°. We 
have confirmed the latter figure and shown by paper chromatography that the material prepared 
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by tetramernsing glycine ester contains a smal) proportion of penta- and hexa-peptides which 
depress the melting point. 


HCLNH,(CH,CO-NH),CH,CO,Et IT 


Conversion of ‘' biuret base " hydrochloride into the pentapeptide ethyl ester hydrochloride (111) 
in a yield of 85% was achieved in a similar fashion, except that 92%, methanol was required to 
dissolve the more complex starting material. It has previously been demonstrated with the 
model tripeptide synthesis, that the method was still applicable in the presence of 75% ethanol, 
though the yield dropped to 64% as compared with 86% in the anhydrous solvent, a result 
which was not unexpected in view of the known fission of N-dithiocarboxyglycine amides by 
aqueous acids, 

The genera! procedure was applicable also to amino-esters other than glycine, in both their 
optically active and their racemic forms. Thus when L-tyrosine methyl! ester was treated with 
(I) and triethylamine in chloroform, addition of dry hydrogen chloride gave giyeyl-.-tyrosine 
methyl ester hydrochloride in a yield of 50%. This yield dropped to 20% when two equivalents 
of triethylamine were present, but increased slightly to 57% with 1°5 equivalents each of (1) and 
triethylamine. Similarly, p1i-phenylalanine ester gave glycyl-pt-pherylalanine methy! oster 
hydrochloride in a yield of 30% which was not improved by several variations in the reaction 
conditions. When 2-thio-4-phenyl-5-thiazolidone (Billimoria and Cook, joc. ef,) became 
available, it was condensed with glycyiglycine ester hydrochloride, giving 37% of «-pheny!l- 


CHyCO-NH-CH,CO-NH, CHyCO-NH-CHYCO-NH, CH, CO-NH-CH(CH,Ph)-CO,H 
NHS,H,NH,yCH,CO-NH, NH-CS-S-CH,Ph NH-CS,H 
(Iv. (V.) VI) 


glveyighycine ethyl ester hydrochloride, The reality of the dithiocarbamate intermediates 
postulated above was shown by the isolation of (IV), characterised as the benzy/ ester (V), after 
reaction of (I) with glycine amide in ethanol 

Unlike most free peptides, the peptide ester hydrochlorides which resulted from the synthesis 
were highly crystalline substances with sharp melting or decomposition points, which were 
depressed strongly by the presence of impurities. In many cases they proved more suitable 
than the free peptides for analysis by partition chromatography on paper (for a review, see 
Consden, Nature, 1948, 162, 359) because their higher R, values led to much more satisfactory 
separation. This was well exemplified by the above polyglycine ester hydrochlorides and the 
corresponding free peptides obtained by hydrolysis. With the salts the paper chromatograms, 
with butanol-acetic ac.d as the mobile phase, showed a regular decrease in the Ry value by a 
factor of about } for each additional glycine residue, except the first. A similar relation holds 
in the other polyglycine series mentioned below. By paper chromatography, it was shown that 
glycine was produced when (I) was warmed to 70° in water, whereas in more concentrated solution 
loss of carbon disulphide was accompanied also by the formation of lower polyglycines and the 
presence of those up to pentaglycine was demonstrated. In a similar fashion, the lower five 
polyglycyl-peptides of 1-tyrosine, methionine, norvaline, phenylalanine, and iscleucine were 
produced by heating (I) with the appropriate amino-acid in water, or better, glacial acetic acid, 
and readily identified by paper chromatography. The R, values of a number of amino-acids, 
glycy!l-peptides, and their esters in butanol-acetic acid are collected at the end of the 
Experimental section 

In the case of alanine, methionine, and valine methyl esters, reaction with (I) under the 
standard conditions mentioned above failed to yield crystalline dipeptide ester hydrochlorides, 
though their formation was clearly shown by paper chromatography. This analysis also 
indicated the formation of several other ninhydrin-reactive substances in small amounts from 
such syntheses; glycine methyl! ester hydrochloride and the dimeride of (I) (Part X XV, Joc. eit.) 
were identified. The former was produced by reaction of (I) with the methanol used as solvent 
in that case, and the latter by the action of triethylamine, though the emergence of peptides in 
substantial yield from such reactions shows that dimerisation is slow compared with the ring- 
opening of (I) by amines. In such cases where the esters were not readily crystallised, the 
method could still be used to provide the desired peptide by hydrolysis of the crude ester and 
chromatography of the product on a column of cation-exchange resin (see the succeeding paper). 
This was illustrated by the case of glycylvaline, which was thus obtained crystalline. 

Finally, it has been shown that (I) can also be utilised preparatively to give a glycy!-peptide 
by reaction with a free amino-acid. Thus, rapid fission occurred when (I) was shaken with a 
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solution of phenylalanine in two equivalents of sodium hydroxide, and on acidification a heavy 
yellow oil was produced which was probably the dithiocarbamic acid (VI). When this was 
dissolved in acetone, glycyl-pi_-phenylalanine rapidly crystallised in 25% overall yield. The 
isolation of (VI) appeared to result from the hydrophobic character of the phenylalanine residue. 

While the classical methods of peptide synthesis are too well known to require additional 
mention bere, the use of anbydro-N <arboxyamino-acids bears a close relation to the present 
method and deserves therefore to be briefly reviewed. The first such compound, anhydro-N- 
carboxyglycine, was prepared by Leuchs (Ber., 1906, 39, 857), and some 20 additional members 
of the series have since been made. Interest has centred mainly on their ability to polymerise 
to polypeptides of high molecular weight with loss of carbon dioxide (cf., inter alia, Astbury, 
Daigliesh, Darmon, and Sutherland, Nature, 1948, 162, 506), but the formation of monomeric 
amides and peptides has been noted on several occasions. Thus anhydro-N-carboxy-N- 
phenyigiycine was converted into the amide (Leuchs and Manasse, Ber., 1907, 40, 3235), anilide 
(Fuchs, Ber., 1922, 65, 2043), ethylamide, methylanilide, and piperidide of N-phenylglycine 
(Wessely, Z. phymol. Chem., 1925, 146, 72) and the corresponding peptides with glycine, glycine 
ester, and tyrosine ester (idem, thid.). Anhydro-N-<carboxy-$-phenylalanine gave the anilide 
(Curtius and Sieber, Ber., 1922, 65, 1543), amide, ethylamide, and 2: 2-diethoxyethylamide 
of phenylalanine (Wessely and Sigmund, Z. physiol. Chem., 1926, 157, 91), and with glycine and 
giycyigiycine gave the peptides phenylalanyiglycine and phenylalanyiglycyigtycine; with 
tyrosine ester the peptide ester cyclised to phenylalanyltyrosine anhydride, and with aniline, 
phenylalanylphenylalanylanilide was isolated (1dem, sid.). By reaction of anhydro-N <carboxy-6 
phenylalanine with aniline and methylaniline picrates, the corresponding phenylalanine amide 
picrates were obtained, and the same technique was also used successfully for anhydro-N 
carboxyglycine (Wessely and John, Monatsh., 1927, 48, 11). The latter anhydride has recently 
been condensed with morpholine and glycine ester at a low temperature (Billimoria and Cook 
loc. cit.). Reaction of p-anhydro-N-carboxyalanine with 2 equivalents of L-histidine ester in 
chloroform has yielded p-alanyl-.-histidine (31° ,), after hydrolysis (Hunt and Du Vigneaud, / 
Biol, Chem., 1938, 125, 609) 

In these simple cases, polymerisation is minimised by the effect of three factors, separately 
or in combination: (1) The loss of carbon dioxide is slow compared with the initial ring-opening 
reaction, this is ensured either by the effect of substituents in the oxazolid-dione ring (¢.g., with 
the derivatives of alanine and phenylalanine; cf. also 2-thio-5-thiazolidones) or by cooling (e.g., 
with anhydrocarboxyglycine). (2) The initiating amine is usually a stronger base than that 
produced by loss of carbon dioxide (¢g., with anhydro-N-carboxy-N-phenylglycine). (3) 
Where the initiating amine is a weaker base than that produced by loss of carbon dioxide, the 
latter is preferentially engaged by an acid, ¢.g., picric acid, included in the medium. The use of 
2-thio-5-thiazolidones described in the present paper entails the use of stable crystalline 
compounds which give rise to little or no complications of polymerisation 


EXPERIMENTAL. 

Reaction of (1) axth Glyeime Ethyl Ester a) 2-Thio-5-thiazolidone (0-68 g.) was suspended in chloro- 
form (15 cx Addition of glycine ethy! ester (1-0 ¢., 2 equivs.) caused dissolution with evolution of heat 
Dry hydrogen chloride was passed in, the solution evaporated, and the residue treated with ethanol, to 
give crude glycyliglycine ester hydrochloride, which had m. p 185-——-186° after a further crystallisation 
from ethanol 

4) 2-Thio-4-thiarolidone (0-66 @) in ethanol (10 « was treated with glycine ethyl ester (1-0 ¢., 
2 equivs ), followed after 10 minutes by 10n-ethanolic hydrogen chloride (1 c.c., 2 equivs Glycylelycine 
ethyl ester hydrochloride (0-77 g.), m. p. 155-170", separated on cooling in ice, and was recrystallised 
from ethanol to give the pure compound (0-5 ¢), m. p. 183-184 

Reaction of (1) with Giveyighverne Fthyl FE ster —-Givcyligtycine ethyl ester hydrochloride (Fischer and 
Pournean, Ber, 1001, 34, 2868) (8-0 ¢ ) was suspended in chloroform and shaken rapidly with potassium 
byedroside (2:4 ¢.) in water (3 c« The chioroform was twice replaced, and the combined extracts dried 
(Na,50,) and evaporated, to yield the free base (4-5 ¢.), m. p. 87-88 The base (1-6 g., 2 equivs.) in 
ethanol (10 ¢.c.) was added to 2-thio-5-thiazolidone (0-46 ¢.) in ethanol (15 c.c.), and the solution acidified 
with l0n-ethanolic hydrogen chioride (1 c. 2 equivs.) after 10 minutes at room temperature. The 
mixture set to a solid mass of trigiycine ethyl ester hydrochloride (1-2 g., 96%), m. p. 213° (decomp.) 
(it, m. p. 214"), and overnight the filtrate deposited crystals of the dipeptide ester hydrochloride (0-3 g.), 
m. p 180—181°, a further crop being obtained by addition of ether 

Reacthon of (1) ath Glyeame Ester and Triethylamin 2-Thio-5-thiazolidone (0-66 g ) was suspended 
in chloroform (10 ¢ c.) and cooled to 6 A mixture of glycine ethyl ester (0-51 ¢ . | equiv.) and triethyl- 
amine (0-5 ¢.. | equiv ) in chloroform (2 ¢.c.) was added during 15 minutes, and the solution kept for a 
further 15 minutes tn the ice bath Acidification with l0w-ethanolic hydrogen chloride (1 c.c., 2 equivs.) 
then gave giycylgtycine ethyl ester hydrochloride (0-57 g.. 57%), m. p. 182-—183", which was collected 
after 2 hours at 0 From the filtrate, overnight, a small quantity (0-05 g.) of material, m p. 208°, was 
obtained 
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Glyeyighyorne Ethyl Ester Hydrochionde -——A warm saspenmon of glycine ethyl! ester bydrochiornde 
()7 «.) om ethanol (5 « c.) comtaming triethylamine (14) ¢.. 2 equivs.) was added to 3-thio-5-thiasolidone 
66 g.) in ethanol (5 «.c), and the mixture acidified with l0~-cthanolic hydrogen chloride after 15 
minutes. The product (1-17 @.), collected after | hour at 0°, was recrystallised from ethanol (containing 
tree hydrogen chloride) to give somewhat impure glycyigtycine ethyl ester hydrochloride (0-68 g , 70%), 
m. p. 162169" 

Trigiyerne Ethyl Ester Hydrochloride —-2-Thio-5-thiazolidone (10 ¢.) was added to a mixture of 
ghycyigtycine ethy! ester hydrochloride (15 g., | equiv.) and triethylamine (15 g., 2 equivs) in ethanol 
150 «.c.), and the clear solution acidified with 5y-ethanolic hydrogen chloride (30 c.c., 2 equivs). On 
seeding of the solution. trighycine ethy! ester hydrochloride (16-7 g., 86%) separated as a mass of plates, 
m 213-214° (decomp.), which, recrystallised from water-acetone, had m. p. 216-217" (decomp.) 

(1) (0-66 «. 1 equiv.) in 75%, ethanol (10 cc.) was treated with a solution of glycyigiycine ester 
0-80 g., | equiv.) and triethylamine (0-50 g., | equiv.) in 75%, ethanol (5 c.c.), and acidified after a few 
minutes with l0n-ethanolic hydrogen chloride. Trighycine ester hydrochloride (0-6 ¢ %). = p 
217-218 (decomp was then caused to separate by addition of ether. In an otherwise similar 
experiment, acidification was effected with 50%, hydrogen bromide in acetic ace, whereapon the 
beautifully crystalline trigiyerne ethyl ester Aydrobromide separated on scratching, and was recrystallised 
trom ethanol, whereupon it had m. p. 191° (Pound: ©, 3246; H, 55. C,H,,O,N Hr requires C, 32-2; 
H, 54% The compound was soluble in methanol and insoluble in acetone 

letragivoune thy! E ster Hydrocklonde ——Trighycine ethyl ester hydrochiorute (12-6 ¢.) was shaken with 
triethylamine (10 ¢, 2 equivs.) in ethanol (400 cc.) and filtered from a small quantity (08 ¢.) 

{f undissolved ester 2-Thie-5-thiazoldone (6-6 ¢.. | equiv.) was added, and the solution seeded and 
acudifed at once with ethanolic hydrogen chloride (2 equivs.), whereupon tetraglycine ethyl ester hydro 
hloride (12-3 g.) rapidly separated A turther ©-5 g. (total yield, 88%,) of crystalline material was 
leposited from the filtrate The main crop contained a small quantity of bound sulphur, which could 
be removed by dissolution in boiling water, filtration. and crystallisation of the buuret base 
hydrochiorkte as lustrous platelets, m. p. 213-—214° (decomp) (8-75), by addition of ethanol containing 
a httle free hydrogen chiorude 

Biruret base ©’ hydrochloride prepared according to Curtsus (/ ev.) had m. p. 196--199 (decomp 
raised to 199.202 by one crystallisation from aqueous ethanol With aqueous picric acid it gave a 
picrate, m. p. 222° (decomp.) (ht.. m. p. 189°), not depressed on admixture with the picrate of “ biuret 
base “' prepared by the present method. Paper chromatography of the Curtius “ biuret base ' hydro 

hlorxie on Whatman No. | paper, with butanol-acetic acid as the mobile phase, gave three spots of Ny, 
19, O11, and 0-065, respectively the first two corresponded to the known tetra- and peata-peptide 
ster hydrochlorides of glycine. and the third was presumed to be due to the ne pe 

When the above pure hydrochloride was dissolved in the minimum volume of water, addition of 
tnethylamine caused precipitation of the free “ biuret base.” which crystallised well from methanol in 
clusters of needles or platelets It dissolved when suspended in methanol, and the solution was treated 
with hydrogen bromide in acetic acid, whereafter addition of ether caused separation of tefraglycume ethyl 
ester hydrobromide, which recrystallised from cthanol as plates (Found: C, 33-8. H, 54. CH ON Br 
equires C, 33-8, H, 54% 

Pentagiyoune Ethy Hydrochloride Tetraglycine ethyl ester hydrochloride (5-0 g., 1 equiv.) 
was dissolved in water (12-5 c.c.) and solutions of triethylamine (3-2 g.. 2 equivs.) in methanol (05 c.c.) 
and finely powdered 2-thio-5-thiazolidone (2-11 g., | equiv } in methanol (65 « « were rapidly added, a 
lear, pale pink solution resulting Acidification with 5n-ethanohc hydrogen chloride (7 c « seeing, 
amd scratching gave the required pentapeptide ester hydrox hionde (4-6 2 m. p. 227-228" ide mp.), 

| a further 6-4 g. (total vield, 85%), m. p. 224° (decomp.), separated from the filtrate on storage 

lycome ethyl ester hydrochlonde recrystallised from aqueous acetone of aqueous methanol containing 
free hydrogen chloride as laths. m. p. 236-237" (decomp Found c, 305 H, 60 
O,N Cl requires C, 39-2; H, 60% With aqueous picric acid, it yreided a picrate, m p. 230-231 
ttt 

oly ae tyrosine Methy! Ester Hydrochlonde —._-Tytosine methyl ester (0-97 g.) was boiled with 
chieroform (20 c.c.) and then rapidly cooled, triethviamine (0-5 g.. | equiv.) followed by 2-thic-5- 
thiazolidone (0-66 g . | equiv.) was added, and the whole was shaken. After 4 hours, the purple solution 
was acidified with lx-ethanolic hydrogen chioride (2 c.c.), and the product (0-7 ¢, 50%), m. p. 204 
decomp.), which was at first gummy but later crystalline, filtered off and washed with chloroform and 
then acetone Giycvl-.-tyrosene methyl ester hydrochloride recrystallised best from methanol-cthyl 
acetate. It had m 223 (decomp.) (Found: C, 404; H, 6-7; N, 095. C,,H,,O,NCl requires ( 
49-9: H, 59: N, @7% 

L-Tyrosine methy! ester (5-0 g.) was boiled with chloroform (150 c.c.) for 10 minutes, and filtered hot 
To the warm filtrate was added triethylamine (3-75 ¢.. 1-5 equivs.) and 2-thio-5-thiazolidone (5-0 ¢., 
1-5 equivs). and the mixture was kept overnight at room temperatare. Dry hydrogen chloride was 
passed in until the solution was saturated, and the sticky gum which had separated rubbed with portions 
of chloroform to remove triethylamine hydrochloride and crystallised (3-8 g.), m. p. 217° (decomp.), by 
addition of acetone. The decanted chloroform slowly deposited a further 0-4 g. (total yield, 57%) of 
product Kecrystallisation from methanol-cthyl acetate gave the pure peptide ester hydrochloride 
3-0 ¢.), m. p. 222-223" (decomp.) 

Glyeyi-vL-phewylalamime Ethyl Ester Hydrochloride. -—pdU-VPhenylalanine methyl ester hydrochloride 
108 ¢ ) was dissolved in chloroform (75 c.c.) containing triethylamine (1 ¢., 2 equivs.), and the whole 
added to a suspension of 2-thico-5-thiazolidone (0-66 g.. | equiv.) in chloroform (5 cc). Reacticn 
appeared slower than usual, and after 30 minutes at room temperature the solution was acidified with 
10n-ethanohe hydrogen chloride (2 ¢.c.), seeded, and cooled in ice for 4-5 hours. The glycyl-pt-phenyl- 
alanine methyl ester hydrochloride which separated (0-39 g.. 36%,) was washed with acetone and had ni. p 
166°, undepressed on mixing with a sample made by esterifying glycyl-pt-phenylalanine (Leuchs and 
Suzuki, Ber., 1904, 37, 3313). The yield was not improved by thon of ertetheytamion to the other 
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two components during | hour, by the alternative ase of pyridine, or by reaction of the thiazolidone with 
2 eqeivs of phenylalanine ester free base 

or- Phenvigiveyighveyighyoime Ethyl EF ster Hydrochionde —-A solution of 2-thio-4-phenyl-5-thiazoldone 
®52 ¢.)} in ethanol (10 ¢.¢_) was treated with «a mixture of glycyighycine ethyl ester (6-4 ¢., | equiv.) and 
triethylamine (0-25 ¢.. | equiv } in ethanal (10 c« An immediate red colour was produced, which soon 
fastertd After 25 munutes, the solution was acidified with |t~-ethanolic hydrogen chloride (1-5 cc.) and 
cooled in we with addition of a little ether = pt- Phewyighv: yigivevigivyowne ethyl ester hydrochloride (0-3 g 
37%) was collected after 30 minutes, washed with acetone, and recrystallised from methanol-ether or 
acetone in small laths, m. p. 239-240" (decomp.) (Found C. 503; H.59. C,H ONC) requires ¢ 
510; H, @1%). The above thiazolidone afforded a crystalline triethylamine salt with the base in 
acetone, which regenerated the thiothiazolidone on acidification in water 

Reaction of (1) eath Glroame Amide —Glycine amide (1-2 ¢.) im ethanal was added with 
stirring at 0° during 45 minutes to a solution of 2-thic-5-thiazolicdone (1-05 g.) in ethanol (70 c« The 
lithwxarhbamate separated as a shghtiv pink, delquescent solid A portion was shaken with benzyl 
chloride in ether-water (5 hours) to give N-dithtocarbobrencylorygiycyighiyane amide, m p. 116-—115 
hydrate /) which recrystalimed from ethyl acetate in rosettes of blades, m. p. 136° (Found C, 491 
H, 43 N, 13-7. CyH,ONS, requires C, 664 H, 5065 N, 161% When the above 
fithmcarbamate was dissolved in water and acidifed with dilute hydrochloric acid, 2-thio- 5 thiazohdone 
was produced m poor yield. When (1) was treated with glycine amide in acetone, the dithiocarbamate 
was superficially smilar, but with benzy! chloride gave a low yreld of a derivative, m. p. 195-106 

Reachon of (1) eth Alanine Methyl Eater Alanine methy! ester hydrochiorwe (1-4 ¢ ) and trethyl 
amine (202 g.. 2 equivs.) were dissolved in methanol (15 c.< 2-thio-5-thiazolidone (1:33 g.. | equiv.) 
was added, and the whole shaken. Heat was evolved and a pink solation obtained. This was acidified 
with 7s methanolic hydrogen chloride (4 ¢.c ) and evaporated, and tnethylamine hydrochloride (2-2 g¢ 
removed by careful addition of acetone in which it was insoluble. The filtrate was analysed by paper 
hromatography (see final section), and shown to contain glycylalanine ester (yellow ninhydrin spot 
Ry 0-37) as the main constituent, together with a little alanine ester (Hy (46), an unknown sabstance 
Ry © 55), and a ghycine derivative (yellow ninhydrin spot, Ry O11 (mn storage overmeht, the last 
subetance seperated in small amount, and had m. p_ 195 “(decomp it was sparingly soluble in ethanol 
The filtrate was evaporated, the soluble hydrochioruies were extracted into water, and the bases liberated 
with potassmm carbonate Treatment with ethereal picric acid gave a small quantity of picrate, m. p 
83... 125°, which could be recrystallised from ethanol and on chromatography on paper separated into a 
picric actd spot and a ninhydrin-reactive spot (Ry 055 It would thus appear to be the picrate of the 
inknhown cx mpound above 

Reaction of (1) wath Methsonine Methyl bE ster 2?-Thio-5-thiazolidone (0-33 g.) was added to a mixture 


{ methionine methy! ester hydrochloride (0-50 ¢. 1 equiv amd triethylamine (0-50 g.. 2 equivs n 


methanol (5 c.c.) and the whole shaken After 20 minutes, 7N-methanolic hydrogen chloride (1 « 
added, and the mixture evaporated and treated twice with acetone to give crops (total, 0-55 
triethylamine hydrochlonde Paper chromatography of the filtrate showed to be a mixture 
required gtycyl-ot-methionine methyl ester hydrochloride (Np 0-55) with unchanged methionine ester 
hydrochloride (Hp 0-75), 2-thio- 5 thiazolidone dimer (reddish purple spot Ry 0-39), and glycine Both 
the thiazolidone and diamimoacetoacetic acid to which it readily gives rise yield a characteristic reddish 
purple ninhydrin spot at Rp O77 (giveine, 0-065 preceded by a tat im the rmer instance 

Reaction of (1) esth Vale Methyl F eter 2-Thico-5-thiazolidone (0-67 ¢) was added to a mixture of 
valine methyl! ester hydrochloride (0-84 ¢.. | equiv.) and triethylamine (1-412 2 equivs ) in dry methanol 
Wee and the whole shaken After 1530 munutes, thé reddish-bro a] mn was acidified with 
Tw methanolic hydrogen chiorude (2 « « ami evaporated to a gum, fro h triet amine hycre 
hiorwe was removed by two treatments with acetone The filtrate mtained | 2 ycvi-p.-vahne 
methy! ester hydrochloride (Rp 0-646), together with valine ester (Ry 0-76) : . sims smount of a 
ha « Ry 0-36 (yellow spot), together with a trace of giyvcine (Ny O10 On evaporation and 


ubetance 
treatinent w yi acetate, the substance having Np 0-36 separated recrystallised from ethanol-ether 
it had m. | lecomp analveis showed it to be givcine met? 
0.3 Hs664 N. tie : for C,H,O NCI C, 28-7 H 


tarkened when kept ernight, did not yield the requir 


| ester hy 


The above synthesis was also carried out in 


graphic analysis of the product, after removal of the triethylamine ! il le, al ‘ at glycine 


methyl! ester was abeent but that two other mpurities (Hyp 0-40 and 0-46 former had 


ve characteristic reddish-purple ninhydrin reaction the a r of (I ‘ ’ F r F a glycyl 

yellow nhydrin spet) the constitutior whic kr hee ] rhy valine ester 

lorides from thes and the preceding experiment were minned and hydrolysed with 2n-sodiam 

The solution was acidified with acetic acid and evaporated to dryness, whereafter treatment 

ano sue! separation of axliem chloride, whi was remov ie ft was evaporated, 

fiasived in water and chromat <raphbed on a column Zeokarh ° ’ : in the succeeding 

paper Crystalline giveyl-pt-valine, m. p. 239 tex é ally pu was obtained in 

rather poor yield 

Reaction of (1) eeth Phenylalanine pt-Phenvialanine (0-83 ¢ ‘ si in N-sodium hydroxide 

10 « 2 equiv 2-t )thiazolidone (47 gg. 1 eq aided, and t hole shaken t ve a clear 

vellow solution After 20) minutes this was acidified with concentrated hydrochioric acid ‘ and 

the heavy vellow oil which separated was removed and washed with water Dussolution in acetone and 

seeding caused giycyl-pt-phenvialanine (0-28 ¢, 25° m. p. 266° (decomy é parate rapidly; it 

recrystallised from aqueous ethanol in clusters of needles, m p. 267 lecomp Similarly, when 

ghycyl-pt-phenylalanine (0-06 ¢ was shaken with a soluts pats om hydroxide (0-48 g.) in water 

DSO ce and carbon disulphide (4 ¢ for >? hours, and resulting clear reddyh-orange solution 

actdified with concentrated I ‘ -m € ee ’ was produced, which vielded 
atycviphen lanine when dissolved in : 
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Paper Chromatography —For this work, unidimensonal, descending chromatograms were run on 
Whatman No Hye with butanol-acetsc aad (BuOh AcOH ; H,O «= 4.1. 4) as the mobile 
This solvent gave sharper -_ and a cleaner , and was more mt to handle than 
Temperatures varied from about 15° to 25° on di t occasions Ry values varied ably 
with different papers, temperatures, etc , though their relative valoes remained more constant. Glycine 
was therefore arbitrarndy selected as standard with Ry © 10, and run with every chromatogram, 
the observed Ry values of other substances being computed proportionally. This correction was of 
less value with substances of high Rp values, which remained more constant under different experimental 
conditions and was therefore not applied in such cases (see tables). All spots were yellow initially with 
ninhydrin, but changed to the usual purple colour after keeping for some hours. in practice all the 
various crops of crystals, filtrates, etc., were analysed chromatographically though only certain significant 
determinations are reported. Values found are given in the annexed tables 


Ky Values on butanol—acetic acid 


Me ester Et ester Me ester Et ester 
hydro. hydro b rex hydro hydro 
chioride chloride Amide acid chilande chionde 
Glycine eo) oe ei Glycylglycine 0-006 os oO335 
Alanine 046 Trigiycine ooTs O25 
Vahne 3 0-53 Tetraglycine 0-053 os 
Leucine O57 Pentagtycine 0.033 12 
Norleucine 0-96 ’ Glycy nine 37 
Phenylalanine om 0-66 Glycyivaline Ue i 
Methionine 33 o52 Giyeyiphenylalanine 6-36 
Tyrosine o-S4 ol 
Glutamic acid oi4 uv 6ee 
Arginine O07 


Dighycytphenylalanine oye Gliycy!-leuctne oa? Glycy lnorteucine 
Trighycyiphenylalanine 0-23 Ingiveyl-leucine 0-33 Lngtycyinorteucine 
Tetraglycyiphenylaianine 0 158 Trighycyl leucine Ow Trighycytnorleucine 
Pentaglycylphenylalanine 06-14 Tetraghycyl-teucine O21 Tetragtyc yinorieucine 
Hexagtycyiphenylalanine 06-11 Pentagtycy leucine 0-155 Pentaglycyinorleucine 


Glycylmethionine methyl Glycylityrosine methyl Polymer (MeOH, EtOH 
ester hydrochloride 0 38 ester hydrochloride oe pyridine) of (1 
* Thethyl ester hydrochloride 
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126. Studies in the Azole Series. Part XXVIII. A New Method 
of Peptide Synthesis: Alanyl-peptides. 


By A. H. Cook and A. L. Levy 


2 Thio- 4 methy!-5-thiazolidone (1) has been used to provide alany!l- peptides in three different 
ways a) by the “ ester method described in the preceding paper, which gives lower yields 
than in the analogous glycine series; (+) by reaction with amino-acids in alkaline solution 
followed by acidification with weak acids, preferably at an elevated temperature, and (c) by 
direct combination with amino-acids in hot acetic acid. Mixtures of the required peptide and 
its component amino-acids which result from (6) and (c) are conveniently separated on a column 
of cation-exchange resin 


WHEN attempts were made to apply the general synthetic method described in the preceding 
paper for glycy!-peptides to the corresponding alanine derivative (I), the greater stability of 
(1) foreshadowed by earlier studies with model bases (Cook, Heilbron, and Levy, Part X XVI, 
/., 1950, 642) precluded complete success. Thus, with alanine ester, the formation of 
alanylalanine ester was shown by the isolation of alanine anhydride but the yield was small. As 
with 2-thio-5-thiazolidone, a better result was obtained by coupling with a dipeptide ester, and 
alanylglycyigiycine methy! ester hydrochloride was obtained in 40%, yield by reaction with 
giycyligiycine methy! ester and triethylamine in chloroform and then adding dry hydrogen 
chloride. This was later improved to 66% by acidifying with ethanolic acetic acid, followed 
by hydrogen chloride. As a model for the reaction with simple 2-amino-esters, the condensation 
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of (1) with ethyl 1-glutamate was studied; pt-alanyl-.-glutamic ester so obtained was isolated 
as its crystalline derivative, efhyl pt-N-'(p-tolylthio) formyl alany!-t-giutamate (11), in a yield of 













Me bt co 
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18*,. The same overall yield also resulted from the four-stage synthesis: alanine methy! 
ester hydrochloride » N-((p-tolylithio}formylalanine methy! ester » N-[(p-tolyithio)- 
formy! alanine -» N-((p-tolyithio)formvlalany! chloride > (11) (cf. Ehrensvard, Nature 
1947, 157, 500, Levy, J., in the press) 
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it appeared from the work described in Part X XVI (Joc. cit.) that opening of the ring in (1 
by amines proceeded with excellent yield, but that acidification tended to cause reversion to 
(I) in substantial amount, even under anhydrous conditions. Some experiments were therefore 
carried out to see if carbon disulphide could be eliminated from (III) without the use of acids. 
It was shown in Part XXVI (Joc. cit.) that the morpholine analogue of (III) readily lost its 
carbon disulphide as the highly insoluble morpholinium salt of 4-dithiocarboxymorpholine, but 
attempts to obtain this compound from (II1) by treatment with two equivalents of morpholine 
were not successful, It is known that phenylhydrazine forms the stable compound ([V) with 
carbon disulphide (Fischer, Annalen, 1877, 190. 114), but preliminary experiments with 
2-thio-5-thiazolidone indicated the consumption of four equivalents of phenylhydrazine and 
did not show promise. Triethy!phosphine and carbon disulphide form a red addition compound 
(Hofmann, Ber., 1880, 13, 1732), which may be formulated as the hybrid (\ It was hoped 
that the basic character of triethylphosphine would allow it to replace triethylamine in (III 
when it might then detach carbon disulphide to give (V) and the required dipeptide ester 
Indeed, when (1) was treated with equivalent amounts of ethy! glutamate and triethylphosphin« 
im ethy! acetate, (V) was deposited in 50% of the theoretically possible amount during tw 
hours, but the filtrate failed to yield (11) on treatment with toly! chloro(thiolformate). However 
replacing the triethylamine by triethylphosphine in the synthesis of glycylglycine ester discussed 
in the preceding paper resulted in a slight increase in yield, though the yield of glycyl-.-tyrosin« 
ester was unaffected by a similar change. Some further properties of (V) are mentioned in the 
Experimental section 

As basic methods for removing carbon disulphide were unpromising, further study was 
given to acidification procedures. Following the action of boron trifluoride-ether on (111), (II 
was obtained in a yield of 14% but, from the action of oxalic acid, only triethylamine oxalate 
ould be isolated. Very slow acidification of (111) with hydrogen chloride in chloroform or in 
water (cf. Part XXVI_/ it.) did not yield any (IT) on suitable treatment with p-tolyl chloro- 
thiolformate 





:' N > Hot Hy cOLRK — 4 HMiet (ry NHe« HyCO,K 
\ vil 
CSK NH-CS,K 

In view of these difficulties the possibility of effecting a useful interaction between 2-thic-5 
thiazolidones and free amino-acids or peptides in aqueous solution was explored. The thio 
thiazolidone (1) was dissolved in one equivalent of N-potassium hydroxide to give a solution of 
the monopotassiam salt (VI) (pH §°7), and a solution of glycine in one equivalent of N-potassium 
hydroxide added. The pH at once rose to 10°52 and then fell rapidly as the ring opened to give 
(VII), no further change appearing to take place after 10 minutes (pH 60). This fall in pH was 
to be expected during ring-fission, for not only is a strong base thereby consumed, but an acid 
(NH-CS,H) is liberated which is considerably stronger than the original mercaptothiazolone 
As in the procedure developed for the model ammonium dithiocarbamate in Part X XVI (le 
eu.), the solution was titrated with n-hydrochione acid during two hours, allowing time for loss 
of carbon disulphide to cecur between each addition of acid The “ steps,”’ however, were far 
less pronounced than in the model case, and (1) began to separate at pH 4°9 after only 15% of 
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the theoretical quantity of acid had been added, and continued tll the end (pH 2-9), a yield of 
68°, being recovered. Paper chromatography of the filtrate showed that a little alanyighycine 
had been produced, together with much glycine and a moderate quantity of alanine. In an 
otherwise similar experiment, where an equivalent of boric acid was present, a 77°, recovery of 
(1) was obtained and no alanyiglycine could be detected in the filtrate. The absence of any 
unchanged (VI) in the solutions before acidification was shown by their stability to carbon 
dioxide, which liberates (I) from (VI), but not from (VII). In a slow titration of the crystalline 
barium salt of N-dithiocarboxyglycine with n-hydrochloric acid, carbon disulphide was liberated 
but the “ steps " of pH drift were much less definite than with the ammonium salt of N<dithio- 
carboxyalanine amide, clearly the electrometric method is not so indicative of dithiocarbamic 
acid rupture in the case of peptides. A more promising result was obtained by acidifying (VII) 
with two equivalents of acetic acid, whereby the yield of (I) fell to 32% (45° on another 
casion), paper chromatography showing that alanyliglycine had been synthesised in fair 
quantity, though it was contaminated with glycine and alanine. Propionic acid gave a 28%, 
recovery of (I), and very slow acidification with acetic acid yielded only a trace, but in each case 
the alanyigtycine produced was mixed with its component amino-acids. The isolation of 
alanylglycine from such solutions by crystallisation proved difficult, owing to its tendency to 
form mixed crystals with the alanine and the glycine also present. This analytical problem 
was overcome, however, by “ chromatography " on a column of the sulphonic acid-containing 
exchange-resin “ Zeokarb 215 (see Partridge and Westall, Biochem. ].. 1949, 44, 418); the 
amino-acids were preferentially eluted by 0-ln-ammonia, followed immediately by the pure 
peptide. An attempt to use the column of resin to acidify (VII) and separate the products at 
the same time was not successful, for copious crystallisation of (I) took place and interfered with 
the flow of liquid. 

Even milder conditions of acidification were achieved by opening the barium salt of (I) with 
barium glycine and decomposing the resulting barium salt of (VII) with carbon dioxide at 100°. 
Karium carbonate was precipitated, though incompletely even after 20 minutes, but the alanyl- 
glycine was once more contaminated with alanine and glycine, chromatography on “ Zeokarb 
215" giving the crystalline peptide. When (VII) was treated with aqueous lead acetate, a 
yellow lead salt was clearly precipitated, which however with hydrogen sulphide yielded lead 
sulphide and the usual] mixture of alanine, glycine, and peptide. Boiling the lead salt with 
water gave black lead sulphide, but the product was soluble in ethanol and was probably the 
2-thiohydantoin (VIII) formed from an intermediate tsothiocyanate 


Me Ht co CH, Ph Ht 
; 
HN N-CH,CO,H HN 


vill cs co IX 


\ variation on the above techniques consisted in shaking a mixture of (1) and glycine with 
two equivalents of aqueous sodium hydrogen carbonate [whereupon the solids dissolved with 
evolution of carbon dioxide (neither, separately, gave carbon dioxide with the hydrogen 
carbonate)} and acidifying with two equivalents of acetic acid at 70°. Carbon disulphide was 
freely liberated, and no (I) separated on cooling. The method was also applicable to 2-thio-5- 
thiazolidone, which was in this way coupled with valine to give crystalline glycylvaline. 

A third approach to the synthesis of alanyl-piptides from (1) was initiated by the observation 
that boiling equivalent quantities of (I) and glycine in water for a few moments led to substantial 
synthesis of alanylglycine. It was, of course, mixed with alanine and glycine, but no higher 
peptides were present, and the yield as judged from the relative intensity of the ninhydrin spots 
after chromatography of a sample of the product on paper was of the same order as that produced 
in the more elaborate experiments already described. When (I) was heated alone with water, 
it was hydrolysed completely to alanine without formation of any polymeric material, The 
effect of other solvents, and of different proportions of the reactants on the peptide synthesis 
was examined, the best procedure was to boil equimolecular amounts of (I) and glycine in 
acetic acid, which gave a mixture of alanylglycine and glycine (free from alanine), On 
a preparative scale, alanylglycine resulted in 48% yield from this reaction after 

chromatography " on “ Zeokarb 215." The analogous condensation with amino-acids other 
than glycine was less ready, though the synthesis of alanyl-glycylglycine, -alanine, -valine, and 
arginine was demonstrated by paper chromatography. The direct method can also be used for 
,-amino-esters, and the syntheses of alanylglycine ester and alanylvaline ester by heating the 
omponents in acetic acid was established. 
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it was interesting to note that when anhydrocarboxyphenylalanine (IX) (Leuchs and 
Geiger, Ber., 1908, 41, 1721; Levy, Nature, in the press) was heated with glycine, tetraglycine, 
alanine, or valine in acetic acid, only the lower two or three polyphenylalany! peptides were 
produced without any further polymerisation. 


A list of Ry values of alany!- and phenylalany!-peptides ts given at the end of the Experimental 
section 


EXPERIMENTAL 


Reaction of (1) with Alanine PE ster.—-2-Thio-4-methy!-5-thiazoldone (0-74 « pt-alamine methyl 
ester hydrochloride (6-70 ¢, | equiv |}, and triethylamine (1-4 g., 2 equivs.) were dissolved in ethanol 
(10 «.¢.) amd kept at room temperature for 45 minutes. The solution was acidified with ethanol 
hydrogen chiorde and cooled in we, and a crop of trethylamine hydrochiormde removed, the filtrate 
was evaporated to dryness and a further crop precipitated by adding acetone. The filtrate was 
evaporated, and the rewdue rubbed with ethyl acetate to remove any thicthiazolidone. The remaring 
material was treated with saturated sodium hydrogen carbonate and extracted with chloroform 
whereafter evaporation gave a basic-smelling of which was kept at 100° in a vacuum to afford crystals 
of alanine anhydride, m. p. 275 

Reachon of (1) with Giyevighverme Methyl Eater.—2-Thio-4-methyl-5-thiazohdone (0-73 «.), glycyi 
glycine methy! ester hydrochloride (0-91 g.. | equiv.), and triethylamine (1-0 g., 2 equivs) were kept 
for 1-5 hours in chieroform (10 «.¢), and the solution was saturated with dry bydrogen chloride A 
little ether was added A sem)crvetaliine sludge obtamed after 2 days was treated with ethanol 
acetone to yield crude alanyighycyighycine methyl ester hydrochloride (0-5 g.. 40%), mp. 127-148 
which recrystallised from ethanol to give a product m. p. 153°, which was not depressed on admixture 
with material made according to Paceu and Wilson (/. Org. Chem, 1942, 7, 126) and gave a single spot 
(Ry 0 25) on a paper chromatogram 

same starting materials were kept for 50 minutes in ethanol (10 ¢.c.), acetic ac id (0-65 « c.) was 
added, and after 1:25 hours dry hydrogen chloride (2 equivs.) was passed in. Sufficient ethanol was 
added to re-dissolve a littl trethylamine hydrochlorsle which separated, and the solution seeded with 
t-alanylighycylghycine methyl ester hydrochloride and kept overmght. The product which crystallised 
(@84 ¢ , 66%.) had m p. 158°, after contracting at 146°, and was essentially the same as the alanylglvycy!l- 
glycine methy! ester hydrochloride described above 

thy! o1-N-{(p- Tolylthio) formyl jalanvi-L-giutamate —-(a) 2-Thio-4-methy!-5-thiazolidone (0-73 g) in 
chiaroform (20 «.<.) was kept with ethyl .-glatamate (1-0 ., | equiv.) and trethylamine (0-5 ¢., | equiv 
for | hour Dory hydrogen chloride was passed in, the soluteon concentrated in a vacuum, and the syrup 
dissolved im ethyl acetate, to which a little ether was then added. The solution was extracted with 
water (5 © l--Bex and the aqueous phase treated with solid potassium carbonate at 0° and extracted 
with ether (3 times), some insoluble otf being rejected. The ethereal solution was dred (MgSO,) and treated 
with p-tolyl chtoro(thiolformate) (Levy, /., in the press) until precipitation of triethylamine hydrochloride 
was complete After 30 minutes, this was washed with water and with 2n-hydrochioric acid, dried, and 
evaporated to yield ethyl pi-N-((p-tolylthic)formyllalanyl-_-giniamate (0-4 g , 18%), m. p. 94°, which 
was recrystallised from ether without change of m_ p Found Cc. 568: H. &4 N 64 ( ott 
requires C, 566; H. 66: N, 66%, 


ae! we 
Alanine nitrile (Part XXNVI) (2 was added cautiously at 0 to a saturated solution of hydrogen 
chiorwe wm methanol (120 «x and kept overnight at room temperature Ammonmm chionde was 
filtered off. and the t alanine methy! ester hwedrochloride (20-3 ¢.) crystalleed m P boo lecomp 
by adding ether to the filtrate A further crop (10-2 g total yield, 66%), m. p. 152° (decomp.), was 
obtained by dilution with ethy! acetate and storage overnight at 6 The ester hydrochloride (1-4 ¢ 
in dry pyridine (3 cc.) was treated, with cooling, with a solution of p-tolyl chioro(thiolformate) (1-87 g.) mn 
pyridine (2 ce and the whole stored overmght at 0 The mixture was diluted with chloroform and 
extracted with 2n-hydrochlors acid, and the chloroform layer dried and evaporated, to yield N-[(p 
tolyithio)formyl alanine methy! ester (20 ¢, 80%), m. p. 83 This ester (74) @) was heated under 
reflux with acetic acid ‘ and concentrated bydrochioric aced (25 cc) for 15 minutes, water 
(25 « was added, and the mixture cooled to room temperature, to give N-((p-tolyithio)formyl)- 
alanine (o-4 ¢., 59%,), as fakes of m. p. 163 This aced (1:2 g.) was boiled with benzene (30 g.), and 
eyoues pentachiorule (1-2 g.) added to the warm suspension, exothermic dissolution occurring 
The benzene solution was concentrated under diminished pressure. and light petroleum added so long as 
the AN pP-tolyithi)formyljalany! chiornle (0-56 ¢£ 44%.) which rystallieed compact rosettes of 
spears, m. p 102" (decomp.)) remained free from gum The chlorude (0-26 g.) in dry ether (15 cc.) was 
cooled to . and ethyl t-glutamate (0-40 g.. 2 equive) added; after | hour at room temperature, the 
mixture was extracted with 2n-hydrochlorc ace, dred. and evaporated to yield ethyl pi-N p 
tolyithw)formylalany!.«-alutamate (0-31 g.. 72%), m. p 88 

Espertiments with Triethviphosphine Triethyiphosphine (Hibbert, Ber., 1906, 39, 161) (0-59 g.) and 
ethy! glutamate (1) ¢ ) in ethy! acetate (5 cc.) were added to 2-thw-4-methyl-5-thiazolidone (0-73 g.) 
in ethyl! acetate (5 « After 2 hours at room temperature, the deep-red prisms of tnethylphosphine 
carbon diwulphide (0-5 g.) were removed, and the filtrate concentrated to small bulk Treatment with 
f-toly! chloro(tholformate) (0-9 g.) and pyridine (2 ¢.¢.), and working up in the usual way, yielded only 
p-tolyi dithiocarbonate, m p. 95" (Found: C, 65-7; H.54. Cale. for C,,H,,OS,: C, 65-6; H, 56-14%), 

2- Thie-5-thiazolidione (0-67 g ) in chloroform (10 ¢.c.) was treated with glycine ester (0-51 g., 1 equiv 
and triethyiphosphine (6 ¢,. | equiv.) in chloroform (3 « Alter 20 hours at room temperature 
addition of ethanol hydrogen chiorwde caused glycyighycine ethy! ester hydrochloride (0-72 g., 73% 
m. p 174 —176") to orwstallise 

Trethviphosphine carbon disulphide could be generated from its components in acetic acid, and was 
decomposed on contact with carbon tetrachloride When warmed with givcine amide in ethanol, the 
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carbon disulphide was transferred and the amino-amide precipitated as its N -dithiocarboxy derivative. 
Keeping e-amunobenzy! cyanide with ee oe carbon disulphide in chloroform for 4-5 days 


— m. p. 264-265" (\decomp.) (negative glyoxal 
wT, i J 


with pet L-glutamate (10 g., 
ether (1-1 g., 2 equiva.) was added after | beats wm After a further hour, ethanube h 
chioride was added, and the mixture evaporated to a syrup and mixed with p-toly! chioro( 
1-5 c.c.) in pyridine (10 c.c.). After 24 rene Ghe autelion Gus eonenutented Gadus Ghuiaiahed peumere 
dissolved in ethyl acetate, and washed with 2n-sulphuric acid; drying and evaporating then vielded 
ethyl pi-N-((p-tolyithio) formyljalanyl- glutamate (@3 g., 14%), m. p. 89-91", after rubbing with a 
little ether 

Reactiom of (1) with Giyceme om Alkaline Solution — Powdered 2-thio-4-methy!-5. tmazolidone (0-588 g ) 
was dissolved in ®-potassium hydroxide (40 ¢.c., | equiv.) (pH then §7), and a solution of glycine 
(0-3 g., | equiv.) in x-potassiam hydroxide (4 ¢.c.) added. The resulting pH changes were as follows 


H 10-52 9-48 8 
ime (mins 0 § is ’ 


a? § a6 470 


une mins 


= a j ‘ : 27 : 18 


The solution was then titrated slowly with w-hydrochloric acid (80 ¢.c.) during about 2 hours, the 
pH changes being followed for an average of 3 minutes after each addition. Initially, the rise was 
2 pH unit during this period. (1) began to crystallise after 1-2 ¢.c. of acid had been added, the pH 
drift at this point being 6-15 unit in 3 minutes bet becoming less as the titration proc Fin. uly. 
the mixture was extracted with ether, and the dried extracts were evaporated to yield (1) (0-40 g., 68%) 
Experiment with Barium Glycine-N-dithiocarborvlate.—-Glycine (1-5 §.) and barium hydrosde 
octabydrate (6-3 g.) were dissolved in water (15 cc.) (warming), and shaken overnight with carbon 
disulphide (1-5 ¢.« On filtration of the solution from a little insoluble material, the required salt 
rystallised in dense, colourless prisms, m. p. above 300°. When titrated with w-hydrochloric acid 
2 equivs.) during | hour, carbon disulphide was liberated, and the pH fell from 435 to 1-70. However, 
the rise in pH following each addition of acid was not marked, being about 0-2 unit in 3 minutes 
Use of Acetic Acid and a Cation-exchange Columan.—2-Thio-4-methy!-5-thiazolidone (2-05 ¢.) was 
added to a solution of glycine (1-6 g., | equiv.) in N-potassium hydroxide (40 ¢.c., 2 equivs.), and the 
whole shaken. After 2 hours, acetic acid (2-4 g.) was added, and the 2-thio-4-methy!-5-thiazolidone 
which slowly separated (1-17 g.) was collected after an additional 2hours. Extraction of the filtrate with 
ethy! acetate gave a further 6-15 g. of (1) (total recovery, 45%). The aqueous layer was evaporated to 
iryness in a vacuum, and the residue digested with several portions of hot ethanol to remove potassium 
acetate the extract yielded a little glycine on cooling). The remaining material was dissolved in water 
15 ex it contained glycine, alanylglycine, and alanine-paper chromatography) and ran on to @ 
olumn (25 cm. high in a 50-c c. burette) of “ Zeokarb 215° (~10 ¢., sieved to be retained between 
40 and 60 BSS). The “ Zeokarb” was prepared for use by running through it (4) sodium chioride 
solution, (6) 4N-hydrochloric acid, and (c) distilled water. The zone of adsorption of the amino-acids 
and peptide was clearly visible, as the resin had changed from orange to yellow-brown, and the columa 
was run with distilled water until thes zone had grown to its full length. Development was then continued 
with 0-lN-ammonia, and the effluent collected in 5-c.c. fractions when « positive ninhydrin test was 
first given. The pH changes in the effluent were not a reliable guide to its composition, so 3 gl. of cach 
fraction were ren on a paper chromatogram for analysis. The first 7 tractions contained glycine and 
alanine, the eighth glycine, alanylglycine, and alanine, and the ninth to eleventh the peptide, with 
rapidly diminishing amounts of its component amimo-acids, the last being pure alanyighycine 
Fractions 10 and }1 were evaporated to dryness, and the residue crystallised from 50%, ethanol-acetone 
to give pore alanyiglycine (about 0-2 g.) 
''se of Barvem and Lead Salts.— Glycine (1-6 ¢.) in 0 34s8-barium hydroxide (120 ¢ c.) was shaken for 
45 minutes with 2-thio-4-methyl-5-thiazolidone (2-95 g ), and the solation (pH 8) treated with a stream 
of carbon dioxide (pH then 7), raising the temperature slowly. Precipitation of barium carbonate did 
not begin until the solution was almost boiling, this temperature was maintained for 45 minutes. The 
carbonate was removed (1-95 ¢.), and the filtrate (which still contained Ba**) ron on to a column of 
Zeokarb 215’ similar to that used above, except that resin retained between 100 and 120 B.S.5. was 
used. The overlap of amino-acids and tule was less in this case, and 5 fractions containing pure 
alanyigtycine were obtained on elution with ammonia, which yielded the solid peptide on evaporation 
1) (0-735 g.) was shaken with glycine (0-375 g.) in x-potassium hydroxide (11) <.c.), and the resulting 
solution treated with aqueous lead acetate. The derivative was precipitated cleanly, yellow at first, 
but becoming almost white when the lead acetate was in excess. A portion of this lead derivative was 
suspended in water and treated with hydrogen sulphide. It dissolved to give a deep-brown solution, 
from which lead sulphide was precipitated after addition of a little acetic acid and boiling. The 
colourless filtrate contained glycine, alanyiglycine, and alanine, as shown by paper chromatography 
Another portion of the lead derivative was boiled with water for 15 minutes, being completely decomposed 
to give lead sulphide. The filtrate, however, contained only traces of ninhydrin-reactive materials, and 
on evaporation the solid residue was completely soluble m hot ethanol 
Use of Sodium Hydrogen Carbonate.2-Thio-4-methy!-5-thiazolidone (0-73 g.), glycine (0-37 g.), and 
sodium hydrogen carbonate (0-85 g.) were shaken with water (10 ¢.c.) for 5) minutes, dissolving with 
evolution of carbon dioxide. The solution was heated to 70°, acetic acid (0-6 c.c.) was added, and the 
whole allowed to cool to room temperature. Carbon disulphide separated in small globules, no (1) was 
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recovered, ani the saluteon coutammed a commderable proportion of alanyiglycine, as shown by paper 
hromatography 

2-Thic-4-thiazolidone (0-67 g}, Dt-valine (0-59 g), and sodium hydrogen carbonate (0-84 ¢) were 
shaken with water (10 ¢.c.) until dissolved, and no more carbon dioxide was evolved (~20 minutes). The 
pale pink solution was heated to 80°, and acetic acid (1:56 cc) added, after which the solation was 
evaporated to dryness in a vacuum. The residue was completely soluble in hot ethanol, though on 
storage overnight with ether a little glycine and valine separated The filtrate was evaporated, dissolved 
in weter, and run on to a column of Zeokarb 215 ~l5 gg; 100-120 SS) as in the 
previous examples. Development with 06-1 s-ammonia gave 5 fractions (5 c.c.) containing glycine and 
aline, fc by Sof pure glycyivaline. These eight were evaporated to give the solid peptide (0-4 ¢ 
which was rubbed with methanol to remove a little colowr and thereafter had mp. 239° (decomp.) 

Reections aith (1) in Acetic Acid. —2-Thio-4-methy!-5-thiazolidone (3-0 g.) and glycine (1-5 «.) were 
refluxed in acetic acid (85 cc.) for 5 minutes, and the solvent was evaporated off in a vacuum The 
evrupy residue was dissolved in water (16 « and filtered on to a column (23 « 1-5 cm.) of “ Zeokarb 
215 ~li« 100-120 BSS), which was washed through with water until acetic acid ceased to 
emerge and the yellow sone of adsorbed material extended for 14 cm. The column was then washed 
with 0 ls-ammonia, and the effluent collected in 10~ c fractions until the yellow rone reached the foot 
of the column Fractions 1—5 contained glycine, 79 alanyiglycine with diminishing quantities of 
glycine, and 10-25 alanyigiycine, though with nos 21-25 the ninhydrin spots on the paper 
chromatogram were shghtly elongated, suggesting the presence of an impurity (perhaps alanylalanyl- 
glycine Fractions 10-25 were evaporated to dryness and rubbed with ethanol, to give a slightly 
deliquescent sample of alanyigiycine (1-4 ¢., 48% Recrystallisation from 50°, ethanol-acetone gave 
pare material (0-77 ¢.), m. p. 215° (decomp 

Syntheses of alanyighycylglycine ‘ theoretical section), were performed only on micro-scale 
1-2 mg with heating for about | minute and analysis of a little of the resulting acetic acid solution 
brectly on a paper chromatogram The new spot, additional to the amino-acid or peptide used, was 
assumed to be the alany! deriv ative The procedure was similar for the experiments with anhydro-N- 
carboxyphenylalanine, the first spot below the amino a id being assumed to be the m mophenylalany 


derivative, the next the diphenylalanyl, and so on 


Ry Values of peptide 


The paper chromatograms wer in with butanol-acetic acid as the mobile phase 


Part XXVIT, and the Ry values are rrected for glycine 0-1, unless otherwise 


Alanyigtycine O15 Phenylalanvigtycine 
\lanvigtycylalvcine olo7 Inphenylalanyvigtycine 
\lanylalanine ows Cripheny lalanyigtycine 
\lanyivaline 43 Phenylalanyitetragivcine 
\lanylarginine 20 Inphenylalanyitetraglvcine 
\lanylglycylgiycine methy! ester HH 2s Triphenylalanylitetraglycin« 
Alanvivaline methyl! ester 3s Phenylalanylalanine 
Phenylalanylivaline 
Miphenylalany!valine 
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127. The Heats of Hydrolysis of the Benzoyl Halide 


By A 0 H. ©. Prircwaxp { A. SKINNES 


From measurements of the heats of hb f th ne 
solutions, the following values (in keal. ‘mole n ph rmation at room 
temperatur WiC gH OO) he 39-30 “Br hey iy ¥(C H,COl 
hq 12-55 

These data are weed t rive provisional valu r lissocis energies in a 
netmber of benzovi XN molec 


Twrs paper reports v alues for the heats of hvdrolwsis n20 or bromide, and iodide 
and is a continuation of studies on the hydrolysis bh. f acd halides (Carson and Skinner, J 

1949, 936. Pritchard and Skinn J... 1950, 272 The heats of hydrolysis of the benzov! 
halides have not been measured previously, possibly because the reactions are slow to react 
completion in a purely aqueous medium. Thermal difficulties arising from the tardiness of the 
aqueous hydrolyses may, however, be overcome by using aqueous acetone as the hydrolysis 
medium (cf. Pritchard and Skinner, / af Ina solvent obtained by mixing 400 c.c. of acet 
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and 350 c.c. of water, the hydrolysis of benzoy! chloride was virtually complete in 30 minutes, 
and benzoyl bromide and iodide in the same solvent were hydrolysed in less than 15 minutes. 
The heats of hydrolysis can be combined with known thermochemical! data to give values 
for the heats of formation (Q,) of the benzoyl halides. Apart from a single measurement of the 
heat of combustion of benzoyl chloride by Rivals (Ann. Chim. Phys., 1897, 7, 541), corresponding 


to Q,(C,H,-COCI, liq.) = 53°2 keals., there are no data in the literature concerning the Q, of the 
benzoyl! halides 


EXPERIMENTAL. 


Preparation of Compounds - Benzoyl! chlonde (May and Baker) was purified by fractional distillation 
under reduced pressure Benzoy! bromide was a pure Kahibaum sample Benzoyl iodide was made 
by Staudinger’s method (Ber., 1913, 4B, 1417), i.¢., interaction of hydrogen iodide and benzvy! chloride 
the crude product was shaken with mercury to remove traces of free iodine, and purified by careful 
fractionation under low pressure 

Thermal Measurements --The heats of hydrolysis were measured by the same technique and apparatus 


used by Pritchard and Skinner (/e The observed hydrolysis heats (listed in the following tables 
under (.,) are the heats of the reactions 


C,H,yCOX (lig.) + HyOfaq. acetone) —> (C,H, COM + HX) (aq. acetone 
and differ from the heats of the purely aqueous hydrolyses (listed under Q,,), vi2., 
C,H,COX (liq.) + H,O (liq.) —> C,H,CO,H (c) + HX (aq.) + Ges 2) 


by some smal! terms arming from the heat of solution and mixing of the benzoic acid and halogen acid 
in the aqueous acetone These solution heats were measured separately as required 

In the tables of results, XN, and RH, refer to the initial and final values of the thermistor resistance, 
and Q,, gives the heat of reaction (2) when the product is HX (1000H,0 


Heat of hydrolysis of benzoy! halide 


Wt. of 

ack! 
R, Jame Ve. Qyiliq hahde R, R, Oa \ Q, (tiq.) 
yim kcals kcals ig.) iohms). (ohme kcals als). keuls 


Benzoy! chlorule Benzoyl bromide 


353-5237 17102 16524 21-35 4 39-27 3-39 1746-8 1606-5 24-0 

37000 1696-1 16344 21-23 24:3 39.39 S010 17488 170085 25-09 

42060 16810) 1611-65 21-34 : 39 28 35773 17440 1601-4 48 

21718 17300 1701-4 21-36 2 39-26 30047 17460 1700-45 24-98 

42040 1735-1 1663-75 21-31 3 39-31 340000 174740 1701-1 24-85 
Mean valacs 21-32 420690 0 Mean values 


be be te be te 
> a 
te 


- 


Benzoy! wxticde 
»4075 1711-7 16402 24-29 12-42 53206 16040 1635-45 
+9529 1700-1516383-35 24-17 12-54 60524 1696-3 1631-15 
1122 1692-2 1635-0 244 2-67 +7887 17046 164604 
Mean values 
The main reason for the differences between the Qa. and (Q,, values arises from the negative solution 
heat (ca 4-80 kcals ‘mole) of crystalline benzow acid in the aqueous acetone; the 0,, values, corre 
sponding to reaction (2), refer to crystalline benzos acid as one of the reaction products 
The calculated Q, (liq.) values given in the final columns of the tables are based on assumed values 
for the heats of formation of the halogen hydracids Selected Values of Chemical Thermodynamic 
Constants,” National Bureau of Standards, Washington, 1948) and on O/C,H,COHM, c.) — 9206 
keals. ‘mole (Jessup, /. Res. Nat. Bur. Stand, 1942, 28, 247) It may be remarked that the 0 


O, value 
53-2 kcals., derived from Riwals's heat of combustion of benzoyl chloride, corresponds to a heat of 
, of only 7-4 keal 


Discussion 


The Q, values obtained from these experiments refer to the liquid state at room temperature 
Data are not available on the heats of vaporisation of the benzoyl halides, but a rough estimate 


of these can be made by use of Trouton’s rule. The results are summarised below : 
C H,cod CHyCOBr CHyool 
Qy (iq.) (keals.) 39-30 25 50 
Oy (gas) (kcals.) 28-9 147 
Avay. (assumed) (kcals ) 10-4 10-8 


The Q; (gas) values may be correlated with the bond dissociation energies D(C ,HyCO-X) 
by the equation 


DiC H,SCO-N OC HyCOX) — QfX) — OC HyCO) (3) 
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where the terms in (), are heats of formation from elements in standard states, and D(C ,H.“CO-X 
is the heat of the reaction C,HyCO + X——»> C,HyCOX. The term O)(C,H,CO) in equation 
3) cannot be determined directly, but can be evaluated if both D(C,H,-CO-X) and O4C,H,-COX 
are known for one specific C,H COX compound. In this event, equation (3) can be generally 
applied to determine D(benzoy!-X) in other benzoy! derivatives 
Apart from the kinetic studies of Butler and Polanyi ‘Trans. Faraday Soc., 1943, 39, 19 
on the pyrolytic decomposition of benzoyl iodide, there are no experimental data from which 
D values in benzoy!-X can be assessed. Butler and Polanyi gave D(C ,HyCO-! 43°09 kcals., 
but this result was not claimed to be of high accuracy. In general, the D(R-1) values given by 
Butler and Polanyi seem to be accurate within limits of + 5 keals., and for the purpose of the 
present paper we shall adopt a value of DIC ,H,CO-! 42 kcals. (+-*), where x is probably 
less than 5 keals. This provisional D(C,H,CO-I) value corresponds to Q/benzoyl) 
162 + « keals., which, substituted inte equation (3), leads to the following D values in the 
listed benzoyl X compounds 
DiC HU yCO-X <O-X 
Bond Q, (gas Q * Bond 
AH CO-H lize s4* HyCO-OH 
HCO a0? 73- «H -CO-NH, 
li CO> Br 147° 26-7 6 Hy CO-CH 
HyCO-l ia? 25.5 42 Ht CO-CH, 7 
* Based on data listed by Wheland The Theory of Resonance,” John Wiley, 1044 * This 
teaearch * Kharasch (/. Nes. Nat. Bur Stand, 1929. 2 407 * Seware (/. Chem. Physics, 1949 
17, 506 * Heckers (Hull Sec chim. Belg, 1931, 4, 518), Neumann and Volker (Z. physihal 
Chem, 1932, 161, 4, 43 
* Asterisked values are doubtful because of ancert « n the heats of formation UU, (gas). 
The value given for D(C ,HyCO-H) is a relatively low " value for a C~H bond dissociation 
ergy. Compared with the C-H bonds in ethylene or benzene, both of which are of the same 
sp*s hybrid type, DIC MH yYCO-H) is smaller by some 20 or more kcals. The weakness of the 
benzoy!-H bond is strongly suggestive of a powerful resonance stabilisation in the benzoy 
radical 
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Roberts and Skinner (7 rar bavaday 5 1949, 45, 339) commented on the weakness of the 
(~H bond in acetaldehyde, D(CH yCOcH) > 80 keals., and attributed this to a stabilisation in 


© acety! radical by a 3-ck 


trot nd resonance ‘ 1} == (II In s if aS a4 resonance 


i\ 
stabilisation of this type ox ru ., ), it sk larly be present in the benzoyl! radical 
amd from this point of view the low value of D(C,H.CO-H) should be compared with the low 
alue of DICHYSCO-H Indeed, one mig! xpect the .H,CO radical to be resonance- 
stabilised to a greater extent than ¢ Hyco in that the excited structures of the types (III 

[V), and (V) in relation to C,HyCO are probably more significant than the structures 


H’°CH,——C—0 in relation to CH,CO 
In the figure, bond-dissociation energies 
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are plotted together,* to bring out their close similarity in respect of varying X. The present 
values do not correspond to a strictly constant difference, AD, where AD « D(CH,CO-X) — 
DIC H,CO-X), although these differences are approximately equal. Some of the D values are, 
‘o- however, based on sot very reliable < stion-heat data, and most involve 
CH,C’ , uncertainties of the order +-1 or +2 keals. in the heats of vaporisation, so that 
“Cl the trends in AD may be partly obscured by errors in the data we have used 
Nevertheless, the data are sufficient to show that the factors influencing the strength 
of acetyl-X bonds are similarly operative in benzoyl-X. For example, if one accepts the im. 
portance of back-co-ordination, as represented by the resonance structure (V1) in acety! chloride, 
it would seem to be no less important in benzoy! chloride. 
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128. Studies on Antibiotics. Part 1V.t Substitued w-Phenyleulphonyl- 
acetophenones, Bisphenylthio- and Bisphenylsulphonyl-alkane Deriv- 


atives. 
By F. Beroe:, A. L. Moratson, and H. Rinperawecnr. 


In continuation of previous work (Rinderknecht, Ward, Bergel, and Morrison, Biochem. J] 
1947, 41. 463), the preparation of substances containing a combination of substituted benzoy! 
and phenylsulphony! groups was undertaken with the aim (unfulfilled) of finding effective 
antibacterialagents Thus vanous aromatic §-keto-salphones(I1; = = 1), §-bisthio-compounds 

111), and @-desulphones (1V) were synthesised 


I~ Part II of our series “ Studies on Antibiotics " (Biochem. ]., 1947, 41, 463) we showed that 
benzoylacrylic acid and its 4-chloro- and 2: 4-dichloro-derivatives possessed marked activities 
im vitro against Gram-positive and Gram-negative organisms. We deduced in agreement with 
Geiger and Conn (j/. Amer. Chem. Soc., 1945, 67, 112) that the presence of the grouping 
CO-C=C~ might be a pre-requisite for such antibacterial properties (cf. also Geiger, Arch. 
Biochem., 1948, 16, 423). In continuation of this work we prepared some time ago p-acetamido- 
benzoylacrylic acid (1; K, « Ac, R, = CO,H) (cf. B.P. 588,108/1944) which we failed to 
hydrolyse to the 4-amino-compound. Since then, two groups of American workers, Papa 
Schwenk, Villani, and Klingsberg (/. Amer. Chem. Soc., 1948, 70, 3356) and Cramer, Schroeder 
Moran, Nield, Edwards, Sarowsky, and Puetzer (/. Amer, Pharm. Assoc., Sci. Edn., 1948, 87 
439), announced the preparation of this acetamido-compound among other derivatives of 
benzoylacrylic acid. We wished to replace the carboxy! group of benzoylacrylic acid by another 
structure and synthesised, independently of Marrian, Russell, and Todd (/., 1047, 1419) 
4: 4’-diaminochalkone (1; K, «~ H, R, = p»-NHyC,H,); but unlike these authors we prepared 
the starting material, 4-nitro-4’-aminochalkone, directly from f-aminoacetophenone and 
p-nitrobenzaldeh yde under acidic conditions and then reduced it with stannous chloride. 

As the next step, we attempted the synthesis of substances containing both substituted 
benzoy! and phenylsulphony! groups, being prompted by the results of Kahn ef ail. (Ber., 1942, 
75, 711; 1943, 76, 405). 


R,-NH COCHCCHR, Ry CO-CH,, 
“-e R, i 


Whilst we failed to synthesise amino-substituted a-keto-salphones (I1; «= 6) in 
spite of the claims by Kohler and Macdonald (Amer. Chem. J., 1899, 22, 225) for unsubstituted 
ones, we succeeded in making a number of representatives of $-keto-sulphones (11; # = 1) 
by treating sodium acetamido- or acetamidomethy!-benzenesulphinate with w-chloroaceto 
phenone substituted by er hydroxy-, or chloro-groups. In this we followed Troeger 
and Beck (J. pr. Chem., 1913, ‘ii), 87, 289) who prepared several aryisulphonylacetophenones, 
but none with amino- or ph dren Pre substituents. After hydrolysis of the acetamido- 

* The benzoy!-X dusociation energies in this igure are based on s « 5 kcals., in order to separate 


the two curves sufficiently to show their form more clearly 
* Part [1T, Chem. and Ind, 1069, 640 
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derivatives, p-amuno- (11; = = 1, KR, « NH, R, = H, Ry ~ NH,). and p-Aydrosy-r p -amino- 
Phonyleuiphonylacetophenone (11; # ~~ 1, Ry «~ OH, Ry ~ H, R, ~ NH,) and the corresponding 
p -aminomethyl compounds (R, « CHyNH,) were obtained. Encouraged by the report on the 
antitobercular activity of 2:4: 2°: 4’-tetrachlorobenzophenone (Freedlander, Proc. Soc. Exp 
Biol, Med., 1942, G1, 153; Amer. Rev. Tubercul., 1944, 48, 543) and the high effect of our 
2. 4-dichlorobenzoylacrylic acid mm vitro, we added to our list of compounds 2 : 4-dichloro-w-p 
aminophenylsulphonylacetophenone (LL; m = 1, Ry «= R, = Cl, R, ~ NH,) and the corresponding 
p -amnomethyl analogue (R, « CHyNH,). 

When, in the general structure (11; # «« 1), the carbonyl group is exchanged for another 
sulphony! growp, substances (IV) emerge which can be prepared from §-bisthio-compounds 
Il) by oxidation. Methods for the synthesis of aliphatic and unsubstituted aromatic 
representatives of this series were described by Escales and Baumann (Ber., 1886, 19, 2814), 
Fromm (Annaicn, 1889, 268, 135), and Otto and Muehle (Ber., 1895, 28, 1121) who either 
condensed thiols with aldehydes or ketones or treated the sodium salt of thiols with dihalogeno- 
compounds. Concerning acylamino- or amino-derivatives of aromatic analogues, there are 
two American papers available: in the earlier, Waldron and Reid (/. Amer. Chem. Soc., 1923, 
46, 2300) claimed the preparation of (III; KR, NH,, R, R, H) by reduction of the 
corresponding dinitro-derivative; in the more recent, Cutter, Danielson, and Golden (idid., 
1945, 67, 1061, published while our investigation was in progress) described the synthesis of 
bis-p-acetamidophenylthiomethane (ITI R, NHAc, R, = R, =~ H) from -acetamido- 
thiophene! or its sodium salt with formaldehyde or methylene iodide, respectively. This 
they also oxidised to (IV RK, NHA RK, RK, H) which was hydrolysed to the 
diamino-disulphone (1\ R, NH, R, = Ry @ H In addition to preparing the same 
compounds, we succeeded in hydrolysing the bis-p-acetamidophenylthiomethane to Waldron 
snd Reid's diamino-derivative which formed light ochre-coloured, and not, as they say 
red, crystals we also synthesised certain analogues. For instance, paraldehyde and 
p-acetamidothiophenal gave |: |-dts-p-acetamidophenvithiocthane (111, R, NHAc, R, Me 
K, H) which by alkaline hydrolysis, but not by acid (which caused decomposition), yielded 
the corresponding diamino-compound and by oxidation gave (I\ R, NHAc, R, Me 
KR, ~ H This sulphone on treatment with alcoholic potassium hydroxide gave 1: 1-d15-p 
rmimopheny |: al fhhon thane (1V R NH, R, Me t. H By wee f acetone of 


tv 


p-nitrobenzaldehyde in the frst step of the synthesis 2 . 2-d:s-p-acelamidophenylihnopropane 
(iil RK, NHAc, R, R, and = p-nttro-cw-bis-p'-acetamidophenyithiotoluene (IIL 
RK, NHAc, R, pP-NOyC,H,, R, H), respectively, were obtained. Finally in this group 
of compounds the use of dichloroacetic acid led to the formation of di-(p-acetamidophenyl 
thiojacetic acid (111; R NHAc, R, CO,H, R, H) and the corresponding diamino 
derivative 

When we approached the synthesis of aminomethy! derivatives of (III) and (IV), we found 
that the preparation of p-acetamidomethyithiophen wanted as starting material, offered 
difficulties in view of its great solubility in water. However, three methods were tried which 
led eventually to success. First, the sodium salt from crude, oily p-acetamidomethylthiopheno! 
was condensed with methylene dichloride to give /is-p-acetamidomethylphenyithiomethane (III 
RK, CHyNHA . R, H The was oxidised in the usual way to (IV; R, 
CHyNHA R, H) which hydrolysed with acid to the 6:s-p-aminomethylphenyl 
ulphonyimethane dihy chloride (TN kk CHyNH,.HCI, R, RK, H Although in our 
cond approach p-benzamidomethylihiophenol, unlike the acetyl compound, formed sparingly 
oluble crystals and could be condensed to give bts-p-hbenzanndomethylphenylthiomethane (III 
Ry CHyNHBz, R, R, H), the oxidation « ompound to (I\ RK, CHyNHBz 
R, RK, H) was difficult, and further neither the bisthio-compound nor the disulphone 
<ould be hydrolysed under alkaline or acidic conditions to the free aminomethy! derivatives. 
The third and best method used succinimido-derivatives Succinbenzylamide reacted with 
hloresulphonic acid to give p-succimimidomethylbenzenesulphonyl chloride, which was reduced 


in the usual wa p> Se ' fomethyithiophenol, thus formed, condensed with formaldehyde 
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and the product, b:s-p-succimimidomethylphenylitnomethane (111; KR, = succinimidomethy! 
R, ~ R, ~ H), was oxidised with hydrogen peroxide to the disulphons (IV; R, — succinimido- 
methyl, R, «= R, <— H). When this bisthio-compound was heated with dilute aqueous sodiam 
hydroxide, and the solution was treated with potassium permanganate, a compound was isolated, 
very likely the succinamic acid derivative, which, on the one hand, with warm dilute hydro- 
chioric acid gave the succinimido-disulphone described above, and, on the other hand, after 
prolonged heating with aqueous potassium hydroxide produced 6is-p-amunomethylphenyi 
sulphonylmethane, giving a dihydrochloride and a diacetyl derivative identical with those 
derived from the disulphone (IV; R, ~ CHyNH,, R, = R, ~ H) prepared from crude 
acetamidometh yithiophenol. 

Preliminary bacteriological examination i# vitro of some of the compounds just mentioned 
did not disclose any outstanding antibacterial activity 


EXPERIMENTAL 


4: 4'-Diamimochalhone (1. R, H.R pP- NH,-C,H,).—-p-Nitrobenzaldehyde (4-5 g.) and p-amuno- 
acetophenone (4-05 g ) were dissolved in ethanol (Leo mi )}. After saturation of the solution with gaseous 
hydrogen chloride under ice-cooling, crystallme material separated overnight and was filtered off and 
dissolved in 2n-hydrochloric acid (cs. 700 mi). On cooling, the hydrochloride of 4-nitro-4’-amino 
chalkone crystallised. It was suspended in methanol (100 mil) and aqueous ammonia was added 
whereupon orange-coloured 4-nitro-4’-aminochalkone was obtained; recrystallised from pyridine of 
chloroform, it had m. p. 221-—-223° (Found; C, 66-7; H, 45; N, 10-1. Cale. for C,,H,O,N,: ©, 67-2; 
H, 45; N, 106%). This compound (40 g) im saturated alcoholic hydrochloric acid (40 mi) was 
reduced with stannous chloride (110 ¢.). When warmed, a yellow solution was obtained which, after 
storage overnight, deposited a red tin salt. This was dissolved in water and decomposed with a solution 
of sodium acetate. The diaminochalkone was extracted with butanol and, obtained pure by 
recrystallising from aqueous acetone, melted at 161-183" (Found: C, 704; H, 63; N, 11-2. Cak 
for C,H JON, HO: C, 704; H, @3; N, 10-90% 

or p- Substituted Phenyisulphonviacetophenones (11, wu I A number of compounds of this series 
was prepared by the general method of Troeger and Beck (loc. ct.) from w-chloroacetophenones and 
sodium salts of p-acetamidophenylsulphinic (cf. Org. Synth. Coll. Vol. I, p. 7) and p-acetamidomethy! 
phenylsulphinic acid (cf. F.1.A.T. Final Report No, 915, 52; Miller, Sprague, Kissinger, and McBurney, 
J. Amer. Chem. Soc., 1940, 2, 2099) The acety! derivatives were hydrolysed by heating them to the 

p. with 2n-hydrochloric acid until a clear solution was obtained. Addition of sodium carbonate 
solution precipitated the free amino-compounds which were recrystallised from the appropriate solvents 
These compounds are listed in the table 


w-Arvisulphonylacetophenone 


COPCH ySO, a >K, 


Solvent 
lor re 
RK, My rystn bormula 
eo \ sablaaf IND 
. 
CHy NHA« 
CHy NH, 
NHA« 
NH, 
CHy NHAc 
CHy NH, 
NHA« 
NH, 
CHy NHA« 
CHy NH, 194 105 
* With decomp 
Solvents A, acetic acid; B, aqueous ethanol, C, ethanol; D, pyridine 
* Pound: Cl, 183. Required: Cl), 184%. * Found: Cl_179. Required: Ci, 17-86%. 


Found, Required 


a 


yHyO,NCLS 


— - . | . . ) 7) So. 
. 


“~w~te Ste o 


Bis-p-aminophenyithiomethane (111; Ry, =~ NH, Ry = Ry « H Kis- p-acetamiduphenyithiomethane 
3-8 g.) was hydrolysed by hot 2n-sulphuric acid (100 ml), the sulphate of the diamine crystallising on 
cooling The base itself, obtained by neutralisation with sodium carbonate solation, formed light ochre- 
coloured crystals when recrystallised from ethanol. It melted at 08-—100" (Found: N, Ii-l. Cake 
for C,,H,N,S,: N, 10-79%) 

1 '1-Bis'p-acetamido- and ~p-amino-phenylihioethane (111; R, « NHAc or NH, R, ~ Me, R, = 
H) —To p-acetamidothiophenol (6-68 g.) and chloroform (70 ml.), paraldehyde (0-88 ¢.) was added and 
the mixture was saturated with hydrogen chloride. The oily material which separated after 24 hours 
was treated with boiling water, a white solid being formed. Kecrystallisation from ethy! acetate gave 
pure 1 : 1-bis-p-acetamidophenylthiocthanc, m. p. 191-—-193° (56-0 g.) (Found: N, 79 (€,,H,O,N,S, 
requires N, 7-6%%) 

Hydrolysis of the above acetyl derivative (3-4 ¢.) by refluxing in 10%, alcoholic potassium hydroxide 
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solution (34 mi.) for 3 hours yielded only a small amount of the desired material, most of the product 
being enchanged acetyl derivative The bisthtc-cthane was separated from the starting material by 
dissolution im 2n-bydrochloric acid and then basfication, and was obtamed pure by recrystallisation 
from alcobol, whereafter it melted at $183" (Found C, 610: H, 56; N, 10-5. C,,H,,.N,S, requires 
C,@6, H. 5-8: N, te 1%) 

1. 1-Bss-p-acetamsdo- and Sf ay oe ee (IV; KR, «~ NHAc or NH, R, « Me, 
K, ~ H).--The above bisthio- ethane (1! (il ~ NAc, BR, ~ CH, KR, ~ H) (5-8 ¢.) was dissolved in 
glacial acetic acid (40 mil.), and 60% (wiv) a a en ae eaten at #0 After 24 hours 
at room temperature, the precipitate which had was filtered off, washed with water, and 
recrystallised from 60%, aqueous acetic acid (120 mi ). = dtacetyi compound being obtained pure as a 
light ochre-coloured compound with m. p 263--266° (3-7 g) (Found: N, 645. C,,H.O.N,S, requires 
N, 66% 

Heating this acety! compound (2g) with a solution of potassium hydroxide (5 g.) in ethanol (14 mi 
and water (7 mi.) ander reflux for 4 hours yielded a potassium salt, very sparingly soluble in water, 
which, on treatment with dilute hydrochloric acid, gave the diamine, mp. 202--204° (recrystallised 
from ethanol (150 mi tg.) (Found: C, 499; H, 49, N, 8&6 C,,H,.O,N,S, requires C, 49-4, H, 
47, N, 623%) 

2 2 Bts-p acetamidophenylthhoprupane lil KR, NHA« RK, R, Me f- Acetamidothio- 
phenol (34 ¢) was condensed with acetone (068) in chloroform (35 mi) by passing in hydrogen 
chloride. The product which separated overnight was worked up in the usual manner to give the 
bisthio- propane, m. p. 224-226" (recrystallised from ethanol several times) (Pound: N,7-6.  C,,H,O,N,S, 
requires N, 75% 

Pp Nitro-war-bes-p’ acetamidophenyithiotuinene (UI NHAc, R, = p-NO,C,H, R,« H 
pf Acetamidothiophenol (3-4 g ) was condensed with p mA fehyde (1-51 g.) in« hboroform: 15) ml 
im the usual manner by passing in hydrogen chloride. The bisthio-toluens was obtained pure by 
recrystallising it from glacial acetic acid and melted at 221-223" (Found: N, 915. C,,H,,O,N,S, 
requires N, 90%, 

Dn | poe and -p-anmuno-phenylitiojacetic acid (LI! R, NHAc or NH, R, =~ CO,H, 
R, ! Sodium p-acetamidothiophenoxide, prepared from sodiam (0-7 ¢) in ethanol (20 mi) and 
the thiol 334g}, was refluxed together with dichloroacetic acid (1-5 ¢) for 2 hours. The residue of 
bis- p-acetanndo-acid, alter removal of the solvent by distillation, was treated with dilute hydrochiork 
ackl and water and then sodium hydrogen carbonate, berated from the resulting sodium salt by dilut« 
hydro a. acid, and finally recrystallised from ethanol, yy m. p. 230-235" (decomp.) (Found 
N, 71 Cuslt sO, N,S, requires N, 7-2%). This derivative (2-6 g.) was hydrolysed by heating it under 
reflux for 4 hours with 2n-hy« trochiork acid (75 mil On concentration, a crystalline hydrochloride 
separated out. This was dissolvedan water and the solution neutralised carefully with dilute aqueous 
ammonia to give the diamene which, recrystallised from aqueous alcohol, melted at 117—-119° (Found 
N. #1. CHOWN, requires N, 2% 

Hsp acclamidomethylphenylihvomethane (Ll R, CHyNHAc R, R, H p- Acetamido 
methylbenzenesulphony! chloride, prepared from N-benzylacetamide (48 g_), was dissolved in a mixture 

f alcohol (30 ml) and water (100 mi zinc dust (100 g ) and concentrated hydrochloric acid (150 ml) 
added in portions with stirring and cooling, and the reaction mixture was finally heated to 80° for 
& mounutes After beang cooled the solution was saturated with ammonium sulphate, and the oil which 
separated was dissolved us amy! alcohol and washed with a small amount of cold water After removal of 
the amy! alcohol under reduced pressure, the residue was added to a mixture of ethanol (30 ml), sodium 
12 and methylene dichloride (5 ¢ ) and the whole refluxed for 1} hours The hot reaction mixture 
was then centrifuged, and from the separated supernatant layer the bisthvo-methane crystallised on cooling. 
it melted at 144-146 when recrystallised from ethanol (Found: C, 614: H, 5-7; N. 78: S, 174 
C pH,OIN,S, requires C, 61-0; H, 50; N. 7-45; S,17-1% 
Bis -ppacetamidomethylphenyleulphonvimethane (IN R, CHyNHAc, R, R, H Oxidation 
{ the abowe bisthio- methane (0-75 ¢ ) in acetic acid (5 ml.) with 60% hydrogen peroxide (1-5 ml.) in the 
usual way gave the disu/phone which, recrystallised from 60°, aqueous acetic acid, melted at 236-—239 
Found: C520, H.560; N59 C,HO.N,S, requires C, 52-1; H, 60: N, 64%, 

His-p-aretmome thy iphemyl sul phonyimethane Dibydrochloride (AVN R, CHy NH, R, R, H) 
liydrolyss of the above acety! derivative (0-5 g.) with 2n-hydrochiors acid (15 ml) for 4 hours gave the 
ditvdrwchionde which, recrystalleed from dilute hydrochlorw acid, gave white needles which did not 
melt at 400° but sublimed (Found C, 426; H, 60; N, 64: Cl IT C.,H,,O,N,S, 2HCI requires 
¢, 422; H, #7. N66: Cl, 166% 

HentamiudomethylhencenesulfPhony! ( Adored \-Benzylbenzamide (100 ¢) was gradually added to 
roseiphenic acid (300 mi) at 15° with stirring The temperature was then raised to 45° and kept 
st thes lewel for | hows The reaction mixture was worked up as described for p-succinimidomethy!l- 
benzenesulphony! chiorule, to give the o/phowy! cAloride, m. p. 183-184" (after recrystallisation from 
chloroform hight petroleum) (Found N47; CLll® C,H yO NSC] requires N, 4-5; Cl, 11 3% 

Pp Bensamidomethylthiopheni Reduction of the above sulphony! chiorme (17 g.) with zinc (25 g.) 
aud concent pated hydrochloric acikd (55 mi f. abowe) yielded the fAsel, m. p 134-138" (after 
reorystallisa tien from alcohol) | Found N.60 CH QAONS requires N, 5-8% 

hee p bensamnidometh yi phenyithiomethane (111 i CHyNHBe R, R, H The above thiol 
($215 «.) and methylene dichloride (42 & were condensed in methanol (70 mil) im which sodiaom 
(1-08 @) had been dusolved The bisthto-methane, rocrvstallised trom acetic acid. had m p. 163—-165 
(Found N. 54 ‘ elt, N ey requires N, 56% 

Bis p-bemiamedomethy iphenylsulphomyimethans iV: R, CHyNHRBz, R, R, H The above 
bisthio- methane (1-25 ¢.) was oxidiwed with 60°, hydrogen peroxide (2 ml.) in glacial acetic acid (15 mL), 
a very large amount of acetic acid bemg necessary to keep the material in solution The product, which 


sparingly soluble wm acetic acted melted at 233.235 b ound N 50 Colt, ON, S, requires 
N, 540° 
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ps domethy lbemseme red vi Chloride —To chilorosulphonic acid (140 ml |, succtnbenzylumide 
(14 g.) was added in portions, with stirring, at <10". The reaction mixture was then heated to 60° for 
¢ hour and poured on ice. The gummy mass was stirred with two lots of ice-cold water, whereupon it 
crystallised) Recrystallised from chieroform-light petroleum, it melted at 153-157" (38%) (Found : 
Cl 128 C,y,HyO,NC! requires Cl, 12-46%) 
p-Succimmmidomethyithiophencl—To the above sulphony! chloride (6-5 g.) in a mixture of alcohol 
12 mi.) and water (7 ml.) were added zinc dust (11 g.) and concentrated hydrochloric acid (20 mi.) during 
1 hour with continuous stirring. The reaction mixture was then heated for 2 minutes to $0". It was 
then filtered and the filtrate poured into a mixture of ice-water (200 ml) and concentrated hydrochloric 
acid (10 ml). The precipitate was filtered off and dissolved in chloroform (50 m!.), and the chloroform 
solution washed with water, dried, and evaporated. The residue, recrystallised from alcohol, yielded 
the pure thiol as lemon-yellow crystals, m. p. 119° (68%) (Found: C,600; H,51. C,,H,,NS requires 
Cc, 567; H, 60% 

Bis-p-succonimidomethyiphenylitiomethane (111, RK, ~ succanimidomethy!l, Ry ~ R, — H).—A mix- 
ture of the above thiol (1-1 ¢.), paraformaldehyde (0-15 ¢.), and chloroform (15 ml.) was saturated with 
hydrogen chioride. After | day, the reaction mixture was poured inte water and the chloroform 
distilled off The bssthio-methane which separated from the aqueous layer was recrystallised from acetic 
acid and had m. p. 212-216" (Found: C, 603; H, 409; N,@4 C,,H,,O,N,S, requires C, 60-6; H, 
48; N, @2%) 

Bis-p-snecenimidomethyphenyisulphowylmethane (IV; K, = succinimidomethy!l, R, =~ R, « H) — 
(a) The above tnsthio-methane (0-6 g.) was oxidised in glacial acetic acid (40 ml.), in which it is sparingly 
soluble, with 60% hydrogen peroxide (16 mi.) as described in preceding experiments. The disulphone 
was recrystallised from a large volume of acetic acid and obtained as a white powder, m. p. 205-206" 
(Found: C, 536; H. 46: N,53. C,,Hy,O,N,S, requires C, 53-3; H. 42: N. 54% 

(6) When the bisthio-methane (7 ¢.) was heated with 2n-sodium hydroxide (50 mi), it dimselved with 
formation of the succinyl derivative. A 3%, aqueous potassium permanganate solution (9 ¢. of 
permanganate) was then added with vigorous stirring while carbon dioxide was passed through the 
mixture. The whole was filtered, and the filtrate decolorised with sulphur dioxide and acidified, a 
precipitate separating which, recrystallised from acetic acid, melted at 188-190 On reftuxing of this 
substance with 2n-hydrochloric acid, the succinimido-derivative, m. p. 205-208", identical with that 
prepared by method (4), was formed 

Hydrolysis of bis-p-succinylaminomethylphenyisulphonylmethane (1:3 ¢), m p. 188-100", as 
obtained above, by refluxing with a solution of potassium hydroxide (4 ¢.) in water (20 ml) for 4 hours 
yielded bis-f-aminomethyipheayisulphonylimethane, the constitution of which was established by 
acetylating it to give the previously described diacetyl derivative (IV; R, «~ CHyNHAc, R, R, «~ H), 
m. p. 236-239 
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129. <A Connection between the Size of an Atom and the Magnitude 
of its Mesomeric and Electromeric Effects. 


By G. Bapprtry 
The ability of a covalently bonded atom to donate electrons is shown to be a function of the 
direction of the electron displacement. Atoms with a covalent-bond radius which is small 


relative to the atomic radius are shown to be sterically the most suitable for participation 
in double-bond formation 


THE mesomeric electron release by halogen, which was first represented by a curved arrow as in 
(I) * and subsequently interpreted as a resonance hybrid of canonical structures as in (II) *, 
has been assumed to increase in the order F < Cl < Br <I (Ingold, Rec. Trav. chim., 1928, 
48, 797). This order, which was later supported by the mesomeric moments of the halogeno- 
benzenes (Sutton, Proc. Roy. Soc., 1931, A, 183, 668), was soon recognised to be inconsonant with 
the effect of nuclear attached halogen on the reactivities of aromatic side chains (Shoesmith 
and Slater, /., 1926, 214; Ingold, Ann. Reports, 1927, 156). The chemical data were collated 
by Bennett and Baddeley (/., 1933, 261; see also Bennett, /., 1933, 1112) and led these authors 


e, x s 
A 
I e 


to conclude that the mesomeric and electromeric release of electrons by halogen decreases in the 
order F > Cl > Br » 1. Branch, Yabroff, and Bettmann (J. Amer. Chem. Soc., 1934, 56, 


* In this paper double bonds are not shown in benzene rings 
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1868) reached the same conclusion independently in the following year. This reversed order, 
which was subsequently confirmed by accurate determinations of mesomeric moments by 
Groves and Sugden (/., 1937, 1992) and by Audsley and Goss (/., 1942, 497), has been further 
subetantiated by Bennett and others. Kecently the data have been summarised and aug- 
mented by Baker and Hopkins (/., 1949, 1089) 

The original and very plausible assumption (Ingold, Joc. cit.) that the mesomeric and electro 
meric release of electrons increases in the sequence F < Cl < Br < I derived, at least indirectly 
from the decrease in the ionisation potential in passing from the smalier to the larger halogen atoms. 
There is ample evidence, however, that the ability of an atom to participate in double-bond 
formation by releasing electrons in the direction of an atom to which it is already covalent 
attached is not directly related to its ability to release electrons in other directions. This is 
clearly illustrated by the following comparison of the contributions made by sulphur and oxygen 
respectively to the properties of some organic compounds containing one or both of these 
clements 

When a thioether KSK‘ forms a sulphonium salt RR’R’S X, the directior 
electrons by the sulphur atom makes an angle of approximately 110 


of the release of 
with the bonds joining 
this atom to RK and R’ and occurs far more readily than the corresponding release of electrons 
by the oxygen atom of the ether ROR Bennett and Moases (/., 1931, 2056) suggested that the 
nteraction of the 4-bydroxy-sulphide (111; N= SPh) with hydrobromic acid is greatly 
factlitated by the sulphur atom which “ allows one of its lone pairs of electrons to take part in 


the process whereby the hydroxy! group becomes separated trom the carbon atom to which it is 
attached This type of activation is apparent, but in much smaller degree, for both the glycol 
111; X « OW) and the phenoxy-alcohol (IIT; \ « OPh) (Bennett and Reynolds, /., 1935, 131 

The ready unimolecular hydrolysis of 2<hloroethy! sulphides (IV) is a consequence of a re- 
case of electrons by sulphur to the 2<arbon atom (Bennett and Baddeley, loc. cit Baddeley, 
Thess, Sheffield, 1932 This electron displacement makes an angle of approximately 60° with 
the bond joining the sulphur atom to the l-carbon atom and is not apparent in the rates of 
ydrolysis of the corresponding 2-chloro-ethers (Bohme and Sell, Ber., 1948, 81, 123 Fehnel 
umd Carmack (]/. Amer. Chem. S 1949. 71. 84) have shown that the optx al interaction of a 
ulphur atom with a vinyl, carbonyl, or carbalkoxy! group is not destroyed when a methylene 
group is interposed ; this release of electrons to a 4-carbon atom *’ becomes negligible in each 
instance when the sulphur atom ts replaced by oxygen 

On the other hand, oxygen has a greater tendency than has sulphur to adopt the onium stats 
ww double-bond formation K AR > & X—K (X Wor>s The very ready hvdrolvsis 
i a-chioro-ethers and -thio-ethers (\ X O and 5 respectively) is probably due to an electron 
lieplacement of this type (Hughes and Ingold, /.. 1935, 248), and the chloro-cthers are the 
sore reactive (BOhme, Ber., 1941, 74, 248: see also Leimu and Salomaa, Acla Chem. Scandinat 
147, 1, 353 


V) RXCHY H, i ts of hydrol 


yarolysis 


Che pp'p”-trimethoxytriphenylearbonium ion (VI; X is more stable than the pp'p’’-tris 


xethylthiotriphenylearbonium ion (VI; X S) (Brand, /. pr. Chem., 1925, 108, 3 Thus 


juinoneid structures of type (VIL), in which electron release by X results in double-bond form 
ty 


ition, make a greater contribution to the actual! stat f the ion when X O than when X S 
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This reversal is further illustrated by the data in the table below (Bennett and Hafez, /., 1941, 
652). An ortho-substituent in 2-phenylethyl alcohol is suitably placed to donate electrons 
directly to the hydroxymethylene group, and the o-methylthio-group provides a much faster 
reaction with hydrobromic acid than does the o-methoxy! group. On the other hand, the 
methoxyl group is the more effective in the p-position; here the release of electrons is into the 
benzene ring and results in double bonding. 


Velocities of reaction of substituted alcohols CJH.X-CHyCH,OH with hydrobromic acid 
ai 80°: k x 1. 
H I SMe OMe. 
f 500 6-9 140 106 
o- 500 3-25 6.500 30 


Briefly, the oxygen atom releases electrons more readily in the direction of ts covalent bonds than 
does the sulphur atom, whereas the latter provides the veadier release of electrons im other directions. 
Thss reversal 1s also observed among the halogens. 

The reactivities of cyclechexanol derivatives towards hydrohalogen acids and the rates of 
acetolysis of cyclohexy! p-bromobenzenesulphonates provide evidence of an electron release by 
trans-2-halogen and a readiness to form cylic intermediates of type (VIIL; X =< halogen) 
which decreases in the order I > Br > Cl (Winstein, Grunwald, ef al., J]. Amer, Chem. Soc 
1948, 70, 816, 821). On the other hand, the magnitude of the mesomeric effect of halogen when 
attached to a benzene ring is directly related to the ability of halogen to release electrons in the 
direction of the C,H,~halogen bond and, as mentioned at the outset, decreases in the order 
Fr >Cl> Br >I. Data given by Brockway (/. Physical Chem., 1937, 41, 747) for the carbon 
halogen bond lengths in the halogenomethanes has led Pauling (“' Nature of the Chemical Bond,” 
Cornell, 1940, p. 236) to deduce “ that chlorine has about one-half the power to form double 
bonds that fluorine has.” 

Although it is generally recognised that the ability to form double bonds decreases from the 
elements of the first row to those of the second and lower rows of the Periodic Table, no wholly 
satisfactory explanation has yet been found. The following simple consideration indicates that 
atoms with a covalent-bond radius which is small in comparison with the atomic radius are 
sterically the most suitable for double-bond formation. A double bond comprises a « bond and 
am bond, the latter resulting from the overlap of a p-orbital of one atom with a p-orbital of the 
other. These p-orbitals are directed perpendicularly to the o bond and their ability to overlap 
one another must be directly related to the extent to which each atom contacts the flank of the 
other. Double bonding is therefore more likely between atoms which bite deeply into one 
another; that is, between atoms with a single-bond radius (7) which is small in comparison 
with the packing radius (#2). Pauling (op. cit., p. 192) has related these two radii by equation 
i), whereas Rees (J. Chem. Physics, 1948, 16, 995) prefers equation (ii). Rewritten as equations 
iti) and (iv) respectively, they show that the quotient A/r decreases as the size of the atom 
increases 

i) R r+ OBa iti) Riv 1+ 08 (R — 06) 
li) RY ow 9® + 1-228 (iv) Riv =» (h + 1-22*/(R* — 1-29%))8 

The quotient F# /r for several elements is computed in the accompanying table. The necessary 
data have, with one exception, been extracted from Rees’s paper, and parentheses indicate that 
R is obtained by substituting for r in equation (ii), The quotient decreases in the order 
F > Cl > Br > Land O > S, as does the ability of these atoms to form double bonds 


Fiement Element ’ R R 
Ist Period H 37 25 2nd Period a 0-996 (1-06) 1 
} . 4 s i4M (i-th) 1. 
oO 73 ‘ Pr 110 (1-64) 1 
N 7 { ™M (1-08) 1 
‘ 77 
B 5 3rd Period Hr 4 1-65 
Ne 116 1-73 


4th Period I 1-77 
Te 1-87 
* Pauling, op. cit., p. 179 


The contributions made by each of the canonical structures A~X and A==X to the actual 
state of the molecule AX is determined by the difference in energy between these two structures. 
xx 
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The energy, (2, absorbed in passing from A~ X to AZ comprises three terms: GQ = J — E — D, 
where / and £ are respectively the ionisation potential of X and the electron pk fo of A in 
A~X, and D is the heat of dissociation of the = bond : 


I 
Ax —> 


When X represents the elements of one group of the Periodic Table, ¢.g., the halogens, both / 
and D decrease in magnitude in passing from the smaller to the larger atoms, and the observed 
order F > Cl > Br > I for the mesomeric release of electrons indicates that D is more susceptible 
than is J to variation with change of element. On the other hand, atoms of elements in the 
same period of the Table have approximately the same size and the mesomeric release of electrons 
decreases, ¢.g.,N > O > F, as the ionisation potential increases. 


The author expresses his indebtedness to Professor G. M. Bennett, C.B., F.R.S., for his valuable 
advice and critictem 


Coitece ov Tecunotocy, Mancuestea Received, November 26th, 1949 
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130. The Autoridation of isoPropylbenzene.* 
By G. P. Ammetrono, R. H. Hatt, and D. C. Quin 


A new technique has been used for the autoxidation of tsopropytbenzene to give ae-di 
methylbenzyl hydroperoxide. An alkaline (pH 8510-5) oil-in-water emulsion of the 
hydrocarbon absorbs oxygen at 85° to give a good yield of the hydroperoxide identical with 
that previously reported by Hock and Lang (Ber, 1944, 77, 257 The characteristics of the 
autoxidation are consistent with a radical-chain mechanism 


Tue autoxidation of tsopropylbenzene to the hydroperoxide has been described by Hock and 
Lang (Ber., 1044, 77, 257), who oxidised the dry purified hydrocarbon at 85° while irradiating 
it with altra-violet light 


C HyCHMe + O, —>C,HyCMeyO-OH 


Phe sodium salt of the hydroperoxide was precipitated from the product by treatment with 
25% aqueous sodium hydroxide; the free hydroperoxide was liberated from the salt by 
careful treatment with the calculated amount of mineral acid, and further purified by distillation 
im vacuo The overall yield of hydroperoxide was 90%, based on the oxygen consumed, but 
the rate of oxidation was slow, only @2 ¢.-mol. of oxygen being absorbed bv 3 g¢.-mols. of 
isopropy!benzene in 24 hours 

In 1945 when the present work was commenced, the only other reported work on the 
uncatalysed liquid-phase autoxidation of isepropylbenzene was that of Stephens (/. Amer 
Chem. Sow 1926, 48, 2020), whe treated tsepropylbenzene with oxygen in dim diffused light 
lor 3-5 weeks at 80.104", and obtained acetophenone and formic acid in low yi as well as 
a little unidentified ol He did not report the occurrence of peroxides in his products but 

bserved that the presence of water tavoured the oxidation slightly, whereas with toluene and 
ethvibenzene water inhibited oxidation 

After the work described below had been completed, the Hercules Powder Co 

U.S.P. 2,438,125) described the autoxidation of tsopropvibenzene with air or oxygen at low 
temperatures in the presence of dilute alkali and activated carbon The products contained 
eroxides wt 


' uch were not isolated but were subsequently destroved by hot sodium hydroxide 


solution 

Several reports descmbe the metal-catalysed autoxidation of propy!benzene, the earliest 
being D.R.P. $22,255 (1.G. Parbenind. A.-G.; Zenfr., 1931, 1, 3721 Acetophenone and pheny! 
dimethykearbinol were identified among the products Srmilar results were btained by the 
Monsanto Chemical ( U.S.P. 2,447,400) who used oxygen in the presence of calcium 
h vebronorle 

We found the rate of absorptior xygen by an alkaline o1l-in-water emulsion of i pro 
benxene at &5° to be much more rapid than that reported by Hock and Lang {/ t 
obtained nsiderably higher concentrations of hydroperoxide in the products The hydr 
per le was isolated from the oxidised hydrocarbon laver b acthonal distillation 1» 


or by precipitation of the bvdrated sodium sait with 25°, w w sodium hydroxide solution an 


B.P. 610,293 and pending applications 
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subsequent regeneration of the free hydroperoxide with carbon dioxide. Contrary to the 
muplied observation of Hock and Lang precipitation of the sodium salt with a slight excess of 
sodium hydroxide was only about 50% complete, several treatments with fresh batches of 
alkali being necessary to complete the precipitation. Similarly several extractions with an 
excess of dilute (8%) sodium hydroxide were necessary for complete extraction of the hydro- 
peroxide into aqueous solution. This behaviour is typical of a very weak acid 

The structure of the hydroperoxide was confirmed by decomposition of the pure hydro 
peroxide with aqueous (10% w/v) sulphuric acid under reflux to give phenol (70-80%) and 

C,H, CMe,0-OH —>C,HyOH + Me,CO 


acetone (70%) (cf. Hock and Lang, lec. cif.). Small amounts of acetophenone and «-methy!l- 
styrene were obtained as by-products. It is of interest that this decomposition can be carried 
out equally well with the hydroperoxide in the untreated oxidation product. 

Reduction of the hydroperoxide with aqueous sodium hydrogen sulphite gave pheny!- 
dimethylcarbinol, some a-methylstyrene being formed by dehydration of the carbinol, and 
traces of acetophenone were again obtained 
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Preliminary work on the oxidation indicated that acids were produced in smal! quantities 
which lowered the pH of the emulsion sufficiently to slow down the oxidation. The initial 
presence of sodium carbonate (1°3% of the aqueous phase) provided a sufficient reserve of 
alkalinity without producing too high a pH in the initial stages. The presence, in the isopropy! 
benzene, of styrene and a-methylstyrene also retarded the oxidation and increased the rate of 
acid formation. Satisfactory starting material was obtained by hydrogenation of the crude 
hydrocarbon and careful fractionation of the product. 

Under neutral (pH 7-4) or acid (pH 4°7) conditions, or at alkaline pH in the absence 
of emulsifying agent, the rate of oxidation was slow, being of the same order as the rate in the 
homogeneous phase at the same temperature. At high alkalinity (510% NaOH), the 
reaction efficiency (based on oxygen absorbed and hydroperoxide produced) was low, being 
of the order of 50%. The optimum conditions of alkalinity for a high efficiency at a reasonable 
rate were pH 85—10-5, conveniently achieved by the addition of sodium carbonate 

Two emulsifying agents were tried, sodium stearate and “ Teepol” (an aqueous solution 
of mixed sodium higher-alky!l sulphates). Variation of the sodium stearate concentration 
between 0°09 and 0°35% w/v or of that of “ Teepol " between 0°2 and 2°5%, v/v in the aqueous 
phase did not significantly change the respective oxidation rates. However, the rate at any 
given hydroperoxide concentration was higher in the case of sodium stearate (Fig. 1) 

The molar rate of oxidation, expressed as mols, of oxygen absorbed per hour per 100 mols 
ot ssopropylbenzene present, increased with increasing water ; oil phase ratio (Fig. 2), although 
the oxygen absorption rate per unit volume of total liquid decreased. 
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In the carly stages of the reaction the yield of hydroperoxide based on oxygen absorbed 
was almost quantitative, but at 20%, hydroperoxide concentration it had fallen to about 90°, 
The reaction was very sensitive to traces of metallic impurities, the addition of copper or lead 
even as the metals, producing an immediate effect; a sharp initial rise in the rate of oxidation 
was followed by a rapid decline to a low value. The oxidation efficiency also fell rapidly, and 
the products contained up to | part of acetophenone for every 2 parts of hydroperoxide 

The oxidations followed a course analogous to other free-radical-chain autoxidations, for 
example, those of tetralin (Robertson and Waters, Trans. Faraday Soc., 1946, 42, 201) and 
ethy! linoleate (Bolland, Proc. Roy. See., B, 1946, 186, 218) In the absence of added catalysts 
an induction period of about 1°5 hours, during which the oxygen absorption was almost 
imperceptible, was followed by an autocatalytic reaction. Subsequently the oxidation rate 
passed through a maximum value The induction period could be eliminated by the addition 
4 organic peroxides (benzoyl, lauryl) or of the hydroperoxide itself. Phenol inhibited the 
yxidation, and styrene and a-methyletyrene exerted a retarding influence (see above) 
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The molar rate of oxygen absorption in the autocatalytic reaction depended on the 


hydr 
peroxide concentration according to the relation 


dO, 4 
RH 


Molar rate 


RO-rOH * 


For a unimolecular rate {f hydroperoxide decomposition the value { * expected of 


theoretical grounds would be 05 (Bolland and Gee, Trans. Faraday Soc., 1946, 42, 241 The 


values found approximated to this figure (Fig. 3), but with some variation In particular the 


sae of Teepol ’ as emulsifying agent led to values of « below 0°5 A full investigation of the 
kinetics of the autoxidation of propylben zene in both emulsion and single phase has been mad« 
Twigg ef ai., unpublished worl 
The relation given above was valid up to 4 certain hydroperoxide concentration, which 
ried from one expermment to another, the highest r 34 molar Seon after thi 
the rate passed through its maximam value he hvdr per mxide 


oncentration continued 
to increase after the maximum rate had been passed, and in some 


ases also passed through 


{ hydroperoxide, the 
moentration of the latter increased to 47 molar without having reached a maximun 


4 Maximum Where the maximum rate was observed at 34 molar 


alue In other cases maximum values of both rate 


and hydroperoxide concentration were 
reached at lower extent { oxpdati 
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Ondation » t The oxygen feed from th vliinder 
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wet gasmeter C to the vapour space above 
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the liquid im the reaction vessel (a 1-1. flask). The gas im the reaction vessel was circalated 
continuously through the hquid by a recycle stirrer 5, before passing eva the reflux condenser D and a 
babbler E to a second gasmeter ‘bubbler contained uocoUs ithalein and was fitted with 
a burette for the addition of 0-2~-sodium hydroxide, as a rough indication of the carbon dioxide evolved. 
The reaction vessel was immersed in a thermostatically controiled bath, and was fitted with a thermometer 
pocket and a liquid-sampling tube 7, to which were sealed glass strips to act as baffles and prevent 
swirling of the lquid. seal on the stirrer shaft was filled with mercury or liquid paraffin 

Materials.—Oxygen was obtained in about 98% purity from standard commercial cylinders 
ssoPropyibenzene was received as a commercial grade containing 1-—5% of styrene + omathyityeens 
The crude material was hydrogenated for 2 hours at 60-80" and atmospheric pressure with 5%, of 
Raney nickel as catalyst, and the hydrogenated prodect fractionated to give, as main fraction 
isepropyibenzene, b. p. 153-6-—154°/753 mm., «ff 1-4911, containing less than 0-005%, of styrene (by 
ultra-violet absorption). The other materials used were of “ AnalaR " grade, or in the case of sodium 
stearate the purest obtainable (British Drag Houses, Ltd.; made from purified stearin). “ Teepol “ 
was the commercial product sepphed by Shell Chemicals Ltd 


Fic. 4 


; 


tnualytical Propylbenzene was examined for styrenes by ultra-violet absorption by Mr 
\. R. Philpotts of this Department, whom we thank. The oxidation products were analysed for 
hydroperoxne as follows Samples (1 ml.) of emulsion were pipetted into 250-m!. conical flasks each 
containing 25 ml. of freshly redistilled glacial acetic acid ¢ air in cach flask was displaced by 
nitrogen (from cylinders; “ oxygen-free’ grade), and 1 ml. of saturated aqueous potassium iodide 
added. The flasks were stoppered and set aside for 15 minutes at room temperature, after which the 
liberated iodine was titrated with 0-(4n-thicsulphate. Blank determinations on the acetic acid 
required about 0-1 ml. of 0-05n-thiosulphate 

Oxdation Procedure —The thermostat was brought to the required temperature (normally 85"), and 
the air in the reaction vessel replaced by oxygen. The alkaline aqueous phase containing the emulsifying 
agent was introduced and allowed to reach the bath temperature. isoPropylibenzene was then added 
and the sturrer and gas circulation were started. Samples were withdrawn perwdically for hydroperoxide 
analysis, and regular readings taken of the gasmeters 

Recovery of the Hydroperomde —The oxidation product was cooled to room temperature, saturated 
with carbon dioxide, the oil layer separated, and its hydroperoxide content determined. Subsequent 
treatment of the oil layer was by one of the following aithele: 

(a) The oil was cooled below room temperature, stirred, and treated dropwise with a slight excess 
calculated on the oxygen absorption) of cold 25% w/w aqueous sodiam hydroxide. The white crystals 
which separated were collected, washed with light petroleum (b 40-60"), and dried in a vacuum 
The tsopropylbenzene mother-hiquors still contained hydroperoxide, most of which was recovered as 
sodium salt by successive treatments with strong alkali as outlined above 

The sodiom salt was converted into free hydroperoxide, if desired, as follows. A suspension of the 
salt in water was covered with light petroleum and saturated with carbon dioxide. The upper layer 
was separated, washed with a little water, dried (Na,SO,), and evaporated in vacuo. Distillation of the 
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temdual free hyde aaule at low pressure gave a colourless ol, b p. 53° /0-0005 mm. (pump pressure), 
of 16262, df 1-062 (Pound: C, 71-4. H, 805; active O. 10-5. Cale. for CHO, C, 71-05; 
795, active ©, 10-56%) (Hock and Lang, lec. et., give b. p. 53°! mm., 60°/0-2 mm., nif 1-52424, a 
106188). MB was 43-86 (Calc. for wopropyibenzene : 40-16). the increment for the -O-O- group 
was thes 3.70 

(*)} The oil was distilled mm eeowe. The unchanged isopropylbenzene was recovered first, at 
41—46°/13 mm. It contained traces of a-methyistyrene (xlentifed by its ultra-violet absorption) 
and acetophenone (identified as its 2 : 4-dinitrophenyihydrazone, m. p. and mixed m. p. with an 
authentic specimen 242-244 When all the low-boiling material had been removed, a readue of 
bydroperoxnde remained which was distilled 18 vacuo 

Awd Decompontion of the Hydroperoxide (ct. Hock and Lang, loc. cst.).-—-(a) A mixtare of the sodium 
salt (2 ¢.} of the hydroperoxide and 10% w/w sulphuric acid (25 cc.) was refluxed for 14 hours, the top 
of the reflux condenser being connected to a tube dipping into ice-cokl water. A very slow current of 
water at 5)-.60° was passed through the condenser. When the heating was stopped the liquid in the 
trap connected to the top of the condenser was treated with a solution of 2: 4-dinitrophenylhydrazine 
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131. Deoxy-sugars. Part IX. Some Properties and Reactions of 
2- Deoxy-v-galactose. 
By W. G. Ovexenp, F. Suarizapen, and M. Sracey. 


2-Deoxy-p-galactose, convementiy synthesised by the ghycal method, gives an mteresting 
series of highly crystalline derivatives. The reactions and kencral properties of the oxidation 
product are closely smilar to those described for other 2-deoxy and - The 
synthesis and determination of the structure of the methyl-gly eapprenediiies and gtycofurano- 
sudes of 2-deoxy-p-galactose are described 





We have extended our studies of deoxy-sugars, and in particular of 2-deoxy-pentoses and 
-hexoses to include 2-deoxy-p-galactose; the preparation of this compound was reported by 
Isbell and Pigman (J. Res. Nat. Bur. Stand., 1939, 22, 307) but not its derivatives or reactions. 
We found that 2-deoxy-p-galactose could be synthesised in satisfactory yield from p-galactose 
by the improved glycal method. We noted that the Zemplén method for the deacetylation 
of 3: 4: 6triacetyl p-galactal gave a better yield than that employing barium hydroxide as the 
deacetylating agent. Treatment of p-galactal with 5°, sulphuric acid gave 2-deoxy-p-galactose. 
We observed that catalytic reduction of 3:4: 6-triacety!l p-galactal yielded 3: 4: 6-/r- 
acetyl 1: 2-dideory-p-galactose, deacetylation of which, using sodium in methanol, afforded 
1. 2-dideory-p-galactose, which was also obtained by catalytic reduction of p-galactal. Further 
investigations of these interesting didecoxy-sugars will form the subject of a later communication. 

2-Deoxy-p-galactose exhibited mutarotation in water and in methanol. It formed a 
crystalline 2: 4-dinitrophenylhydrazone and when treated with p-toluidine in ethanol gave 
2-deoxy-b-galactose p-toluidide. Both derivatives are particularly useful for characterising the 
sugar. On acetylation with acetic anhydride in pyridine, 2-deoxy-p-galactose was converted 
into 1: 3: 4: 6-tetra-acetyl 2-deory-a-p-galactose, whereas when fused sodium acetate and acetic 
anhydride were used as acetylating agents the 8-isomer of the fefra-acetate was obtained. It 
was shown that 2-deoxy-p-galactose could react in its aldehydo-form, since when treated with 
ethanethiol and concentrated hydrochloric acid it gave crystalline 2-deory-p-galactose diethyl 
mercaptal. Oxidation of the deoxy-sugar with bromine in water was easily effected, the product 
being 2-deory-p-galactonolactone. Treatment of this lactone with liquid ammonia gave the 
corresponding amide which on being heated evolved ammonia, 2-Deoxy-p-galactonolactone 
was extremely stable and underwent no apparent hydrolysis in aqueous solution in 3 days, 
indicating that it was probably a furanolactone 
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a, Hedson, |]. Amer. Chem : 5 , 270. 6, Deriaz, Overend, Stacey, and Wiggins, ]., 
1949, 2636. «, Raber, Ber 2 d, Patterson and Robertson, /., 1929, 300. «, Berg- 
mann « al, Ber, 1922, . aon ihid., 1920, 68, 545. ¢, Piecher and Beeneh, ied, 
1894, 27, 2480: 1895, 2B, 1145; Voss, 4anwalen, 1931, 486. 283; Michee! and Littman, sed., 1028, 
466, 115. &, Miller, Ber, 1931, 64, 1820 


When 2-deoxy-p-galactose was treated with 2°5% methanolic hydrogen chloride for three 
hours it vielded a syrup from which was isolated a crystalline methy!-2-deoxygalactoside. This, 
as is subsequently described, was identified as a-methyl-2-deoxy-p-galactopyranoside (1) which 
was conveniently characterised by conversion into its 3: 4: 6-4rifoluene-p-sulphonyl derivative 
In addition to (I) a syrupy glycoside was obtained which in all probability consisted mainly of 
5-methyl-2-deoxy-p-galactopyranoside (I1}, Tamm and Reichstein (Hale. Chim. Acta, 1048, 31, 
1630) described the isolation of similar compounds but did not investigate their structures. 
Polarimetric observations on the specific rotations, in methanol, of the two glycosides served to 
differentiate between the «- and §-isomers in accordance with the well-known convention, first 
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introduced by Hudson (/. Amer. Chem. Soc., 1009, 31. 66) icf. Deriaz, Overend, Stacey, and 
Wiggins, /., 1049, 2636). Moreover the a$-relation of the two isomeric glycosides was further 
confirmed by the observations which were made (polarimetrically) that 2% methanolic hydrogen 
chloride converts each glycoside into an a$-mixture similar to that from which they were 
initially isolated (Pig. 1}. Finally the a$-relation between the two glycosides is evident from a 
consideration of the difference in molecular rotations. The molecular rotations of the a- and 
$-forms ((M), and (M)g respectively) of the methylglycopyranosides of L-arabinose, 2-deoxy-1 
ribose, D-glucose, 2-deoxy-p-glucose, D-galactose, and 2-deoxy-p-galactose are compared in th« 
annexed table (cf. Deriaz ef al., loc. ext There is good agreement between the difference in the 
molecular rotations of the respective a- and 6-forms of methy!-2-deoxy-p-galactopyranoside and 
of methyl-p-galactoside 

When 2-deoxy-p-galactose was treated with 0°05°, methanolic hydrogen chloride for a ver 
short period, another methyl-2-deoxy-p-galactoside (111) was formed. This has been shown to 
he af-methyl-2-deory-p-galactofuranoside (cf. Deriaz ef al., joc. est., and Hughes, Overend, and 
Stacey, J. 1949, 2846, for analogous results with 2-deoxy-p-ribose and 2-deoxy-p-glucos 
respectively) 
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(c) It is well established (Hockett and McClenahan, ]. Amer. Chem. Soc., 1939, 61, 1667) that 
adjacent hydroxyl groups are readily oxidised by lead tetra-acetate and that cis- are more 
rapidly oxidised than t#rans-hydroxy! groups. Oxidation of the glycosides (I) and (III) with 
lead tetra-acetate resulted in both cases in the uptake of | mole of oxidant. The rate of oxidation 
was slightly faster for (I) than for (III) (see Fig. 3). Similarly adjacent hydroxy! groups may 


be oxidised by sodium metaperiodate (Jackson and Hudson, J. Amer. Chem. Soc., 1939, 61, 1530) 


Fic. 1 Fic. 2 











oO A. -_* 
0 30 60 90 
Time (minutes) 
[somerisation of a- and B-methyi-2-deosy v-galado 1. af-Methyl-2-deory-p-galactofuranoside 
pyranoside by 2-56% HCl in MeOH (0-02n-HC)) 
B. a-Médthyl-2-deory-p-galacopyranonde 
(~-HCl). 
C. aB-Methyl-p-galactopyranonde (0-S~-HCl). 
D. aB-Medthyl-p-galactofuranoside (x-HCI). 











Time (hours) 


Fic. 3 
Onidation by lead tetra-acetate 








Mols. of Po(OAC), 
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Time (hours). 

1 a-Meth)l-2-deoxy-v-galactopyranmoside 
a8. M ethyl-2-deory-p-galactofuran 


I 


tae, 


If one of the hydroxy! groups is primary then formaldehyde is formed. 


Both glycosides absorbed 
1 mole of sodium metaperiodate 


but formaldehyde resulted only from (III), thereby indicating 
that this glycoside was methy|-2-deoxy-p-galactofuranoside. The formaldehyde was determined 


as its dimedon derivative (Reeves, ]. Amer. Chem. Soc., 1941, 68, 1476) 
(d) Finally, conclusive proof of the structures of the glycosides was obtained by the classical 


methods of carbohydrate chemistry, involving methylation of the glycoside, hydrolysis of the 
fully methylated derivative, oxidation of the products to methylated lactones, study of the rates 
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ot hydrolysis of the methylated lactones in water, etc. (Carter, Robinson, and Haworth, /., 1930, 
2125). 

Thus a-methy!-2-deoxy-p-galactopyranoside (1) was methylated by the liquid ammonia 
technique (Muskat, {. Amer. Chem. Soc., 1934, 56, 693, 2449; Freudenberg and Boppel, Ber., 
193%, 71, 2505), Smooth methylation occurred and 3: 4: 6-trimethyl a-methyl-2-deory-b- 
galactopyranoside (TV) was obtained as a colourless liquid. On treatment with n-hydrochloric 
acid at 70° it gave 3:4: 6-trimethy! 2-deoxy D-galactopyranose (V) as a colourless syrup. 

Oxidation of this with bromine in water afforded 

Fic. 4 3:4: 6-trimethyl 2-deoxy-p-galactonolactone (V1) 

Hydrolysis of the lactone A similar series of reactions was carried out on 

x4-methyl-2-deoxy-p-galactofuranoside (IT1). This 

was methylated in liquid ammonia with sodium 

and methyl iodide and 3: 5 : 6-trimethyl a5-methyl- 

2-deory-t-galactofuranoside (VII was isolated 

Hydrolysis of the glycosidic group by O0ln- 

hydrochloric acid at 100° (20 minutes) gave 3: 5: 6 

trimethyl 2-deoxy-p-galactofuranose (VIII) as a 

colourless syrup, whence oxidation in the normal 

way with bromine water gave 3: 5: 6-trimethy/ 

2-deory-v-galacionolactone (1X The rate of hydro 

lysis of each of the lactones obtained was measured 

polarimetrically at room temperature. Hydrolysis 

of 3: 4: 6-trimethyl 2-deoxy-p-galactonolactone 

-20 Vi) was complete in approximately 100 hours, 
— 

whereas 3:5: 6-trimethy! 2-deoxy-p-galactonolact- 

4. 3:4. 6-Trimethyl 2-deoxy-p-galactonolactonse ™ (IX) was hydrolysed exceedingly slowly (sex 

b type Fig. 4), thereby showing that the original methyl 

6. Trimethyl 2-decvy-p-galactonolactone glycosides from which they were derived must have 

had the pyranose (I) and the furanose structure 

II1) respectively 

Thus it was apparent that the above reactions of 2-deoxy 





galactose are closely analogous 
to those of 2-deoxy-pD-ribose and 2-deoxy-p-glucose, and it seems that these will be typical for 
most 2-deoxv-hexoses and pentoses 


EXPERIMENTAL. 
3.4 67 \ Dralactal Dry powdered I-bromo 


was suspended in 50%, acetic acid (1-61), and the suspension was rapidly : Z 
slowly added during 2 hours At intervals throu wt the additic 


alac tose 110 @ 

ne dust (300 ¢ ) was 
1 few drops of a 3%, 
lution of platini chloride were added Stirring was continued w 3! mi then the zinc was 
fiitered off, and the filtrate concentrated to 40 c.c. and then poured int ' The solution was 
extracted with chloroform (4 2M) and the extract washed first with aqueous sodium hydrogen 
carbonate and then with water After bemg dried (MgS0O,) the solvent was « aporated and the syrupy 

Two tions were obtained, (i) 48 ¢. (60%), b p. 145-150" (bath temy 1-001 mm 

» we i 0 iO ethanol) (this was triacety! D-gala: lief. Le 


vene and T peon 
1931.98 give m p30 and «fF 


omada, Bull, Jap.c hem 


uw Hur. Stand 


I3s “140 #2438 
itm -1 1-005 mm " ‘ ) 210 ath temp ) (1 
I riturat rystallise This 

wimixture with 
If the addition of 


2 30° and 


penta 
authentic ap ' n acdclite 
latin chiorule solution was omitted t 
penta acetyl galacton 
4 6-7» |: 2-Dedeos 
ethanal (4) snd hydrogenated 3 


m was filtered and evaporated to 


i Ived in 
: t ’ catalyst The 
iryness svTUPY “sit d lex ‘ 4 
aia (45 @ tained as a ur vr 
¥ 32 in loroform) (1 


6 racetyi 
temy mm 


sires C, GS H 


eo) 3:4: 6-Triacety! D-galactal (32 
2) in water (450 c x The svtution ws j 


‘ 


£ : hehe © a solution of barium hydroxide 
) as kept erni i nd then heated for 3} minutes at 80 
Carbon dioxwle was passed throwgh the solution after ‘ u ? th pre 


precipitated barmm carbonate 
1 refiltered through a charcoal 
om ethyl acetate p-Galactal 


filtered off The Altrate was evaporated at 55 
paact Further evaporation gave crystals 
10 @., 50%) had m. p. 104° and (a }? , 

ioe. ct.. who give m. p. 100°, and Tamm an 

w 82 


and Tipson, Joc. cf.. and Komada 


1, 1948, 31, 1630, who give mj 
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(6) 3. 4. 6 Triacety! o-galactal (87 ¢.) was dissolved in absolute methanol (i 1), oad extn 0 5) 
was added Tho culutian wes haps for 66 house ond then culld cosbon Gieuid wus added. The solution 
was evaporated to dryness, the resxtue was recrystallaed from ethyl acetate, and p-galactal (38 ¢.. 
81%), m. p. 104°, was 

T 2 Dideoxy-b-galactose.—{a) D-Galactal (0-5 g.) was dissolved in methanol (25 ¢.c.) and hydrogenated 
at room temperature with a Raney nickel antehet After cessation of the uptake of hydrogen the 
catalyst was filtered off and the filtrate was evaporated to dryness. The syrupy residue 
trom aqueous ethanol in tes. 1: 2-Dideory-p-galectoss (0-4 «) had m. p 128— 120° and (e'f? +41-8° 
(¢, © 526 in water) (Fou C487, HL. 70. C,H.O, reqawwes C, 48-6; H. 81%). (6) 3 4.) 6-Trincety! 
|. 2-dideoxy-p-galactose (1-4 ¢.) was dissolved in dry methanol (15 ¢.c.) and sodiem (15 mg.) was added 
The solution was kept at room temperature for 48 iene and then evaporated to dryness. The residue 
was extracted with a small amount of ethanol, and the solvent was re-evaporated Repeated recrystal- 
Iysation of the product from ethanol afforded | : 2-dideoxy-p-galactose identical with the product above 
Reacetylation of | : 2-dideoxy-p-galactose (1 ¢.) with acetic wy (5 cc.) in par (10 ec) 
regenerated 3: 4: 6-triacety! | - 2-dideoxy-p-galactose, b. p. 120-126" (bath temp } . a 14560 

ee -—p-alactal (6-1 g.) was dissolved im 5%, sulphuric acid (85 cc , =a ‘the sodu tion 
was kept at 0° 24hours. Then the solution was warmed to 60° and neutralised with barium carbonate 
which was added jonwise. The solution was filtered and decolorised by stirring it with charcoal 
It was concentrated under reduced pressure to a syrup which was taken up in methanol (3 vols) and 
set aside. 2-Deoxy-p-galactose (4-5 g.) crystallised from solution and was recrystallised from methanol 
as coloartess needles (3-4 ¢.) which had m 110° and (« +57° 42 uilibrium) (¢, 1-0 in water) 
(Pound: C, 430; H. 7-1. Cale. for C,H,,0,: C, 439; H, 73%) icf label! and Pigman, /. Res. Nat 
Bur. Stand, 193%, 22. 397, who give m. p. 120-121" and [a)p +40-6°-——> +60-5° (equilibrium in 
30 minutes, ¢, 4-0 in water), Tamm and Reichstein, Joc. et., who give m. p. 105-106" and (a)? +607 
m water 2-Deoxy-p-galactose exhibited mutarotation in several solvents 


(4) Methanol as solvent (c, 0-58) 


{ 
Time, mins 14 2 
«fF +344" +17 


45 3: > ie« 
25 +322” +32-3° +32-9° 


()) Water as solvent ic, 1-19 


Time, mins 2 3 45 7 18 19 we ww 46 bo 
al} + 33-6 + 35-2 +37 +386" 4+4462° 4502" +545" 4562" 457° +57" 


2-Deoxy-v-galactose 2 : 4-Dinvtrophenylhydrasone —-2-Deoxy-p-galactose (0-3 g.) in water (10 ¢.c.) 
was added to a solution of 2 : 4-dinitrophenythydrazine (0-7 g.) in glacial acetic acid (10 ¢.c), and the 
mixture was warmed at 90° for 30 minutes. The solvents were then removed under diminished pressure 
and the residue was crystallised by trituration with ethanol a soe from aqueous ethanol 
ve 2-deosy-D oalaston 2 : 4-dimitrophenylhydrazene, m. p. 124°, and [eff +30° in methanol (Pound 

, 41-5; HL, 40. C.,H,.O,N, requires C, 41-8; H, 47%) 

2-Deoxy-v-galactose p-Tolwsdi with A. B. Fosrex).—2-Deoxy-p-galactose (0-3 g.) dissolved in ethanol 
(7 c.c.; 95%) was added to p-toluidine (0-23 g., 1-1 mols.), and the solution boiled wader reflux for 2 hours 
When kept overnight at room temperature the product separated in large prisms. Recrystallisation 
trom ethanol gave 2-deosy-D-galactose p-tolusdide (0 “rt g.; 54%) as white prisms, mp. 142-143 “FP 

6, 08 im pyridine Found: C, 61-0; H, N52 « gliyO N requires C, 61-6; H 7 
N, 55% 

1.3.4. 6-Tetra-acetyl 2-Deory-a-v-galactose.—2-Deoxy-b-galactose (0-41 g.) was added to a mixture of 
freshly distilled acetic anhydride (2 ¢.) in dry pyridine (l0c.c.). The mixture was kept for 2 days and 
then poured into water. The turbid solution was extracted with chloroform, and the extract washed 
with dilute sulphuric acid and then water After being dried (MgSO,) the solvent was evaporated and 
the residue was distilled 1:3: 4: 6-Tetra-acetyl 2-deory-a-D-galactose (0-4 g.) was obtained as a thick 
colourless syrup, b. p. 160-—170°/0-01 mm., #ff 1-4618, (a ff + 67° in methanol (Pound: C, 51-1; H, 63 
CHO, requires C, 50-6; H, 61% 

1:3:4:6-Tetra-cctyl 2-Deory-§-p-galactow.—2-Deoxy-p-galactose (0-41 ¢), freshly fused and 
powdered sodium acetate (0-5 g.), and recdistilled acetic anhydride (7 c.c.) were heated together under 
reflux for 30 minutes. The resulting solutioa was then poured into ice-cold water (100 ¢.c.) which was 
extracted with chloroform. The extract was washed with dilute aqueous sodium _— carbonate 
and with water After drying (MgSO,) the solvent was removed by evaporation and the residue distilled 
1:3: 4: 6-Tetra-acetyl 2-deosy-8-d golect se (0-5 g.) was obtained as a thick colourless syrup, b. p. 195° 

bath temp.) 0-001 mm., »ff 1-4580, [off + 40-6" in methanol (Pound: C, 51-0; H, 61%) 

2-Deoxy-p-galactose Diethyl Mercaptal —Finely divided 2-deoxy-p-galactose (0-5 g.) was added to 
concentrated hydrochloric acid (0-5 ¢c) at @ Ethancthiol (1 ¢.c.) was added and the mixture was 
shaken for 4 hours. Water was added and the insoluble material collected. Crystallisation from 
aqueous ethanol gave 2-deory-p-galactose diethyl mercaptal (0-27 g.), m. p. 107—108", { ra +O (¢, O25 
in methanol) (Found: C, 44-7; H, #0; S234 C,H,O,S, requires C, 44-4; H, ‘2: 5, 23-68%). 

2- Deoxy-v-galactonolactone.—2-Deoxy-v-galactose (2-49 g.) was dissolved in water (25 c.c.), and 
bromine (5 ¢.c.) was added. The mixture was kept at 37° for | day of at room temperature for | week 
After these periods the solution no longer reduced Fehling’s solution. The excess of bromine was 
removed by aeration and the hydrogen bromide by precipitation with silver carbonate. Silver in solution 
was removed by treatment with hydrogen sulphide. After an eS charcoal the solution was 
evaporated to dryness and the residue triturated with absolute allwation from dry 
acetone gave beautiful crystals of 2-deory-p-galactomolactome (1-8 § ) =m =P 7-00" (a)? —12-1° in water 
(Found: C, 444; H, 63. C.H,O, requires C, 444; H, 62%). This lactone apparently underwent 
no hydrolysis in water in 3 days 
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2 Deory-p- gaiactonamide —2-Deony-0-galactonolactone (0-45 g ) was dissolved in absolute methanol 
(10 cc.) in a Dewar Gask. Liquid ammonia was added and the mixture was kept until all the ammonia 
had evaporated (48 hours) methanol was evaporated and the syrupy residue was triturated with 
acetone. After recrystalimation from aqueous acetone, 2-deory-p-galactonamide monohyevate (0-14 g.) 
was obtained as « colourless powder, mp. (indefinite) 60-102" with decomposition and evolution of 
ammonia, (a)if +63" (¢, 03% in methanol) (Found: €, 36-6; H, 74. C.H,O.N.H,O requires C, 36-5 
H, 76%) 

a Methyl -2-deosy-v-galactopyranonde —-2-Deoxy-»-galactose (10 g ) was dissolved in 2.5%, methanolic 
hydrogen chloride (200 cc ) and the reaction was followed polarimetrically. When reaction was complete 

2 days), the solution was neutralised with silver carbonate and filtered. The filtrate was evaporated, 
amd on addition of ethyl acetate to the residue part of it crystallised. The solid was separated 
sad repeatedly recrystallised from ethyl! acetate. a-Methyl-2-deoxy-p-galactopyranosde (42 ¢ 

was obtained as colourless plates, m. p. 112-—113", (a)/f + 160-6" + 2° (c¢, @38 in methanol) (Found 

©,472; H, #2; OMe, 17-6 Cale. forC,H,,O,: C. 47-2, H, 7-8; OMe, 17-46%) ‘cf. Tamm and Reichstein 
Hele. Chim Acta, 1948, $1, 1640) who give m. p. 108-110 and (a)ff +718" +2° in methanol To the 
yrupy product remaiing after the separation of the solid a-methyl-2-deoxy-p galactopyranoside, ethy! 
acetate was added, and the solution was passed through a column of activated alumina. A syrupy 
product was isolated, which did not reduce Fehling’s solution and was presumatly B-methyi-2- 
deony-0-galactopyranonde (4 ¢), wif 14869, ‘a Tf 40° in methanol (Found: C, 47-0; H, 7-2; OMe, 170 
©,H,,O, requires C, 47-2; HM, 78, OMe, 17-4%,) 

Adtion i Methanolic Hydrogen Chloride on 0-Galactal——->Galactal (1-66 ¢.) m 33°, methanol 
hydrogen chioride (10 cc.) was kept for 1-5 hours, and then the solution was neutralmed with silver 
carbonate. The prodact was tolated in the manner described above and recrystallised repeatedly from 
ethyl acetate. «-Methyl-2-deosy-p-galactopyranoside (0-64 g.) was obtained having m. p. 112-113”, (elf? 

ime © 32 in methanol) (Pound: C, 47-2, H, #4% 

af Methyi-2-deosy-v galactefuran: side 2-Deoxy-v-galactose (25 ¢ was dissolve! in absolute 
methanal (60 « « and 60% methanolic hydrogen chiorude (0-6 ¢ ¢.) was added. The reaction ensuing 
was tollowed polarimetrically and was arrested at the maximum Levorotatory value by addition of silver 

arbonate and silver oxide. The solution was filtered through a charcoal pad and then concentrated 
snder diminushed pressure The syrupy residue did not reduce Fehling’s solution and was «f-methyl-2- 
leoay-0 galactofuranoside al? 14828 « BR 68” ic. 0-68 in methanol) (Found: C, 485, H, #3; OMe 
77% Attempts to distil thes compound resulted in a change which is being further investigated, but on 
rapid distillation a small portion did distil (b. p. 170° (bath temp.) 0-001 mm., »ff 14830, aff —81-2 

14 in methanol) (Pound C, 46-908: H, 78, OMe 174. C,H,O, requires C, 47-2; H, 7-8; OMe 
17-4%) 

Treatment of @ and §- Methy!-2-deory-p galactopyranonde with Methanoite Hydrogen Chlonde 7] 
«a Methy!l-2-deoxy-»-galactopyranoside was dissolved in 2%, methanolic hydrogen chloride (c, 8-0) and 
the change in optikal rotation was observed at intervals The following results were noted 


Time, mine 0 5 u ie} 20 53 uu“ 
aif 170 160 135 130 124 110 102 


(6) A similar procedure was carried out with @methyl-2-deoxy-p-galactopyranosiie. The results 
htarmed were as follows 


Time, mines “ 4 “ 4 : er) ww lle 
‘ c 10 47 i} so oO v6 Us 


Lead Tetrea-acetate Oxidation a) Pyranoside a Methyl-2-deoxy-p-galactopyranoside (0-0278 g 
was dissolved in glacial acetic acid (20 ¢.c.), and a solution of freshly prepared lead tetra-acetate in 
glacial acetic acid (25 ¢.c. of 0-069") was added. The final volume was made up to +0 « with glacial 
acetic ackt. The oxidation was followed titrimetrically by withdrawing 5-c.c. samples at intervals and 
stimating toxtometrically the unused lead tetra-acetate 


0-30 0-45 i” 13 2-18 34 ‘ 
O40 O58 O44 82 0-92 1403 1-15 15 


A similar procedure as carned out on af-methyl-2-deoxy-p-galactofurancsicde 
0-289 ¢ with results as follows 


Time, hours Os + ? 30 54) oOo 
1 ptake of PRIOA » ™ | eqyuty ole o-33 ‘ ojo 0-90 bom 


vindsten Metateri:odate Onidations 4) af-Methyl-2-deoxy-p-galactofuranomde (0-0234 g.) was added 
to w- sodium hydrogen carbonate (5 c « and ©-173N-scdium metapermate (5 c« was added. The 
mixture was set aside for 2 hours and then sxlum arsenite (0-84N 15 ¢.c.) and n-hydrochloric acid 
5 cc.) were added After the disappearance of the vellow colour, N-sodinum acetate (5 c.c.) and a 
dimedon solution | 2 « of a solution of dimedon (0-8 ¢.) m ethanol (10 c« were added and the solution 
was heated at 100° for 10 minutes After | hour the precipitate was collected and weighed after being 
thoroughly washed with water and dried at 95° for 20 minutes. The precipitate (m. p. 189-—190 
cf, Reeves, {/. dmer. Chem. Soe, 1941, 63, 1476, who reports m. p. 189-—-100° for this complex), corres 
ponded in weight (044 ¢) to the formation of | mole of formaldehyde In a separate experiment it was 
shown that | mole of oxiclising agent was consumed by the furanoside in 4 hours 

(6) When a similar procedure was carried out with «-methyl-2-deoxy-p-galactopyranoside, no 
wecipitate was formed on addition of the dimeion reagent showing that no formaldehyde had been 
Leernted 








(1950) Deoxy-sugars. Part 1X. 677 


3:4: 6-Tritoluene-p-oulphonyl « Methyl-2-deory- ide —a-Methy!-2-deoxy- pone 
pyranoside (0-185 g.) was added to a solution of chioride (3-3 mols, 0-7 ¢ Oy 
pyridine (7cec.). After being kept for 2 da the solution was poured into ice-water and the 
collected. Crystallisation from sotbanal gave 3.4. 6-tritoluenc-p-sulphomy! a-methyi-2-deory- - 
galactopyranonde (0-25 g), m My", oP ost" (, 0-076 in methanol) (Found: C, S24; H, 48 
Cael ude requires C, 524; H, 50 

3.4: 6-Tvrimethyl «-Methyl-2- anoside —a-Methyl-2-deoxy-p-galactopyranosie 
(2-8 g.) was added to liquid ammonia (200 c.c.), ‘sodiam (1-5 g.) was added in small pieces After 
20 minutes methyl (15 c.c.) was added. When the liquid ammonia had evaporated, anhydrous 

: The solvent was 

re. The crude 

v-gelact wide (0-06 ¢) was 

<tainas an 9 ecioustane mattis Bante, ba 14445, ap? + 138-5" 
in methanol (Found 54-5; H, @2; net. Sree aires C, 54-5; H, 01; OMe, 56-3%) 

3: 4: 6-Trimethyi 2 : Deoxy- ie “athe fu ylated glycoside (2- s g.) and nx-hydro 
chioric acid (25 cc.) wore heated tagetines ot 90° fan © bouts and ct OF" for Lhoar. The hydrolysis was 
followed polarimetrically and was complete after this time. The solution was ised with silver 
carbonate, filtered, and evaporated. Ethanol was added to the residue which was re-evaporated after 

After similar treatment with ether the residue was distilled and 3. 4: 6-trimethy/ 2-deory-v- 
galactopyranose (0-518 g.) obtained as a clear colourless viscous liquid, b. p. 150—160° (bath temp.) /0-001 
mm., 1-4637, (a) +-41° in methanol (Found: C, 52-2; H, &2; OMe, 434. C,H,,O, requires C, 
52-4; H,&7; OMe, 45-1%). 

3:4: 6-Trimethy! 2-Deoxy-p-galactonolactone (3-Type).-3:4:6-Trimethyl 2-deoxy->-galacto 
pyranose (0-36 ¢.) in aqueous solution (15 c.c.) and bromine (3 c.c.) were kept at 37° for 3 days. The 
excess of bromine was removed by aeration, and hydrogen bromide by silver oxide. Passage of hydrogen 
sulphide removed silver ions in solution. After filtration the tu was evaporated to dryness and the 
ressdue distilled. 3:4: 6 Trimethy! 2-deory- “Dg lact was obt d as a colourless liquid, b 
154-—161° (bath temp.) /0-001 mm., [a}ff + 61-7 “in water (Found : C, 52-3; H, 80; OMe, 45-6. C,H, 
requires C, 52-9; H, 7-0; OMe, 45-18) Polarimetric observations indicated that in aqueous solution 
{e, 1-125) it was hydrolysed in 4 days 











Time, hours 0 ; , » a7 103 ime 
(alt a2 { “er ar 2 22° 22 


3.5 6 -Trimethy! af - Methyl-2-deoxsy-v-galactofuranoside —-aB-Methy!-2-deoxy - » - galactofuranoside 
(1-6 g.) was added to liquid ammonia (200 c.c.), and then sodium (1-2 g.) was added. After 20 minutes 
methyl iodide (8 c.c.) was added The product was isolated as already described and was methylated 
twice more. 3: 5: 6-Trimethy! af-methyl-2- ray. furancside ee ) was obtained as a pale 
wen coloured liquid, b. p. 130-135" (bath a mm., #f 1-4421, 20-7" in water (Found 

, 5443; H, 04; OMe, 54-7. CHO, requires Mis: H. Oi; OMe, 36-3 

3:5:6-Trimethyl 2-Deosy-0-galactofurancse.—-3 : 5 6-Trimethy! af - methyl - 2 - deoxy -» - galacto 
furanoside (0-47 g.) and 0-01 N-hydrochloric acid (45 cc.) were heated together under reflux for 20 minutes 
After neutralisation (Ag,CO,) and filtration the solution was concentrated under diminished pressure 
Addition of ethanol served to remove colloidal silver. After filtration, benzene was added and the 
solution concentrated. Distillation of the residue gave 3: 5: G-irimethyl 2-deory-p-galactofuranose 
(0-375 g.) as a clear, thick vit & which strongly reduced Fehling’s solution, m. 105-110" 
(bath temp.) /0-001 mm., “Bp 1-4535, ‘al? 7 1° (c, 2-05 im methanol), [«)f} —24" (c, fe in water; 
mutarotation complete in 7 minutes) (Found , 52-5; H, 88; OMe, 460. C,H,,O, requires C, 52-4; 
H, &7; OMe, 45-1%) 

3:5:6-Trimethyl 2-Deory-p-galactonolactome (y-Type).—3:5:6-Trimethyl 2-leoxy-p-galacto 
furanose (0-15 g.) mm water (5 c.c.) was treated with bromine (1 c.c.) for 2 weeks. The product was 
isolated in the usual manner, and 3 : 5 : 6-trimethyl 2-deory- “© gelactonclastone (46 mg.) was obtained as 
a colourless liquid, b. p. 140-—-151° (bath temp.)/ 6-001 mm., nj? 1-4520 (Found ; C, 52-2; H, #2; OMe, 
43-8. C,H,,0, requires C, 529; H, 7-0; OMe, 45-1%) 

Polarimetric observations on an aqueous solution of this lactone indicated that no detectable 
hydrolysis occurred in over 100 hours 


Time, hours OS By 21-5 468-75 93-75 110 
cy Ny 249 . 25 25-6 25° ~ 26-8 
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132. 1: 2:5: 6-Tetrahydropyridine : Isolation from Technical 
Piperidine by Efficient Fractional Distillation. 
By W. H. Davies and L. L. McGez. 


Technical prperxdine has been fractionally distilled and found to contain some water, about 
20% of | 2° 5°: 6-tetrahydropyridine arnt (771 mm.. and only 70% of piperidine, b. p 
10@”. The unsaturated base was Gentine by a series of derivatives. Traces of a-picoline and 
tetrahydropicotines have also been foand in some sampies 


For over 40 years, and from different countries, there have been reports that technical piperidine, 
presumably prepared by reduction of pyridine, usually contains unsaturated impurities. When 
pure piperidine has been required, it has been obtained by making an N-<derivative, ¢g., the 
nitroso (Vorlander and Wallis, Annalen, 1906, 345, 277) or the benzoy! (Ainley and King, Proc. 
Roy. Soc., 103%, 125. B, @) derivative, oxidising away the unsaturated material with 
permanganate in acetone, and hydrolysing off the protecting group. 

Reduction of alky!-substituted pyridines with sodium in alcohol is known to give tetrahydro- 
derivatives which appear to be A'- or S*-isomers (Techitschibabin, ]. Russ. Phys. Chem. Soc., 
1002, 34, 508: Koenigs « al, Ber., 1906, 38, 3042, 3028; 1907, 40, 3199). Marie and Lejeune 
U. Chags. physique, 1925, 22, 59) stated that electrolytic reduction of pyridine gave piperidine 
in about 64° yield together with about 20% of tetrahydropyridine. The evidence for the 
latter was that a semi-crystalline mass separated from the distillation residue ; this was assumed 
to be “ dipiperidein,” the dimer of 2:3: 4: 5-tetrahydropyridine previously obtained by 
Leliman and Schwaderer (Ber, 1889, 22, 1319) by the action of alkali on N-chloropiperidine. 
In a patent (Tech. Kes. Works, B. P. 309,300) it is reported that hydrogenation of pyridine over 
nickel at 180° /300 Ib. gives 80% of piperidine and about 10% of tetrahydropyridine, b. p 
93-95". Again, no evidence was given that the product was a tetrahydropyridine; the low 
boiling point is surprising and suggests that this fraction may have been the piperidine-water 
azeotrope, b. p. 928" (ct. Horsley, Ind. Eng. Chem., Anal., 1947, 19, 508). Apart from this 
work, the compounds responsible for the unsaturation in technical piperidine have not, so far as 
we are aware, been isolated or characterised, 

As we required pure piperidine, we examined several samples of commercially available 
piperidine. Material sold as 96%, piperidine was slightly yellow and a “ pure “ sample, sold 
as 08-09%, piperidine, was water-white ; apart from this yellow impurity, the samples seemed to 
be identical and the “ pure’ was probably obtained by total distillation pf the 96% material 
Samples of both types were found to have b. p. 106" (by direct determination) but by good 
fractionation gave three main products: (i) 6%, b. p. 92° (piperidine-water azeotrope; cf 
Horsley, Joc, cit.), (i) 70%, b. p. 106° (pure piperidine), and (iii) 20%, b. p. 117 (These 
percentages are roughly corrected for the losses in the intermediate fractions.) A very small and 
variable amount of higher-boiling bases, mainly b. p. 123°, was also obtained in some cases. The 
117° fraction was freed from traces of pipecolines (methylhexahydropyridines) by azeotropic 
distillation 

The infra-red absorption spectrum of the base of b. p. 117° showed that it was free from 
pytidine, picolines, and pipecolines. Analysis of the base itself and of its acetyl and benzoyl 
derivatives (from which the base could be regenerated) agreed with the empirical formula 
C,H,N, c¢., a tetrahydropyridine. Hydrogenation over Raney nickel resulted in absorption of 
1 mote of hydrogen to give piperidine (identified by physical constants and its benzoy! derivative 

The three tetrahydropyridines have previously been reported. The base, b. p. 117°, cannot 
be the 2: 3:4: &-tetrahydro-compound because it forms N-acyl derivatives. The 1: 2:3: 4- 
tetrahydro-isomer ‘obtained by caustic fusion of “ N-oxypiperidine ” (Wolfenstein, Ber., 1892, 
25, 2783) or piperidine-2-sulphonic acid (Paal and Hubaleck, Ber., 1901, 34, 2761)) gives an oily 
benzoy! derivative and a hydrochloride, m. p. 230° (decomp.); the m. p.s of the corresponding 
derivatives of the base, b. p. 117°, were 60-62° and 191-—-193° (decomp.). The 1:2: 5: 6-tetra 
hydropyridine has been prepared by Renshaw and Conn (J. Amer, Chem. Soc., 1938, 60, 745) by 
treating 4-bromopiperidine with sodium methoxide. They reported m. p.s (or decomposition 
points) for the hydrochloride, aurichloride, platinichloride, and N-methyl methiodide (i.¢ 
1: L-dimethyl-1: 2: 5: 6-tetrahydropyridinium iodide) in close agreement with those of the 
corresponding derivatives of our base, b. p. 117°, which is therefore, beyond doubt 
1: 2:5) 6tetrahydropyridine. Renshaw and Conn did not isolate the free base because of its 

ready polymerisation we find, on the other hand, that the free base is stable under ordinary 
conditions and can be distilled without appreciable polymerisation 
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The amount of the higher-boiling fraction, b. p. 123°, varied with different samples of 


clearly a mixture. On conversion into its picrate, a mixture was formed from which «-picoline 
picrate was isolated in 17% yield. After mild hydrogenation, «-picoline was again isolated as its 
picrate (in 14% yield) and «-pipecoline as its benzenesulphomy! derivative. It is probable, 
therefore, that the fraction of b. p. 123° is a mixture of 2-picoline (about 20%) and one or more of 
its tetrahydro-derivatives (about 80%), these properties being in agreement with the picoline 
isolated as picrate and with the hydrogen absorption. 

Catalytic hydrogenation of pyridine over Raney nickel and over nickel on kieselguhr was 
examined but there was no appreciable formation of 1; 2: 5: 6-tetrahydropyridine. Not all 
samples of commercially available piperidine contained the unsaturated base, and it seems 
possible that it is only present when the “ piperidine ” is manufactured by electrolytic reduction 
of pyridine. It is curious that the mixture in this technical piperidine should have approximately 
the correct b. p. for pure piperidine (106°): presumably the water and the tetrahydropyridine 
balance the b. p. to give this fortuitous result. 


EXPERIMENTAL. 


Distillation of Techmcal Piperidine. ~The following is a typical batch run. A quumn (14 x §”) 

ked with 4 = &’ stainless-steel gauze rings was used: theoretical plates at total reflux, 46; at 

Oc« eS ae 30 (approx.); at 20 c.c. per hour take-off, 30 (approx.). Pressure, 756-4 
mm. Charge: 200 c.c. of good-quality technical piperidine (sold as 95-56%, piperidine). 


Fraction no Temp. Vol. (c.c.). % of total. Take-off rate (c.c./hr.). Reflux ratio 
92° 10 10 1 

92—106 30 . 10 I 

106 250 20 i 

106—117 134 . 10 ! 

117 33.5 . 20 I 

Residue - 11@ - : 
Column hold-up 540 


Fraction I was the azeotrope of prperidine (65%) and water (cf. Horsley, loc. cit.). After this fraction 


had been dried (KOH), infra-red absorption Aiwed —4 indicated that it was pee A mene and that it 


was substantially free from pipecolines (azeotrope, b. p. 92—-93°). The total piperidine content (fractions 


1—3) was about 70% 

Fraction 5 was 1: 2: 5 : 6-tetrahydropyridine, the content of which in the technical piperidine must 
be about 20%. ° 

Purification of 1: 2:5: 6-Tetrakydropyridine.—The base (fraction 5, above; 45 cc.) and water 
10 c.c.) were distilled to give fractions : (i) b. p. 92-—93° (3%), (ii) b. p. 95° (26%), and (iti) b. p. 117° 
(20%). At this point, a further 5 c.c. of water was added and the distillation continued to give the 
azeotrope of 1: 2: 5: 6-tetrahydropyridine, b. p. 95°, identical with fraction (i). The azeotrope was 
dried (KOH) and —s to give 1 : 2: 5: 6-tetrahydropyridine, b. p. 117°, m. p. — 48° (Found ; C, 71-85; 
H, 10-65; N, 166. C,H,N requires C, 72-16; H, 10-8; N, 16-8 ok) 

Fraction (1) was shown to be an azeotrope in whi ite pipeeiocn wes i identified by infra-red absorption. 
Similar results were obtained with other sam nical 

B Determinations.—Technical Sioatiion. | 105-6° 
+15% 1: 2:5. 6-tetrahydropyridine (water-free), 106-7 7°. 

Derivatives of 1: 2: 5 : 6-Tetrahydre ine —-Acetyl (by refluxing in acetic anhydride), b 17°19 
mum., ff 1-4985, m. p. ca. —3° (Found: N, 11-3. C,H,,ON requires N, 11- Rt, | Bensoyl ivy S hotten- 
Baumann aw b. p. 113° /0-16 mm., m. . O47 (trom light petroleum) (Found H, 6-05; 
N, 7-65 “enkc requires C, 77-0; H,7 ; N, 7 o%) Prerate, m. p. 161-163" (from water) (Found : 
N, 17-7. CUHAN.C,H,O,N, requires N, 17: + Hydrochloride (from ethanol) 191—193" 
(Found : a Ss (alc tor »H,NHCI: Aurichloride, m. p 141-142" (dec (dec om ; 
Platimchlorsde, m P 17-198" (m. p. depends on rate o me Metho-methiodide, mp. 27 + 
(decomp.) (Found: I’, 53-0. Cale. for ¢ oe NCH,1; I’, 53-1%). For the corresponding lost four 
derivatives of 1:2: 5: 6-tetrahydr ‘henshew and Conn (loc. eit.) give m. p. 188-180", 141° 
decomp.), wo (decomp.), 274 are, respectively 

Base of B | be 23°.—This was obtained by fractionating the higher-boiling residues from a number of 
distillations of technical ee The crude picrate, prepared in water, had m. p. 133-—144° and = 
crystallised from water to give e-picoline picrate (17%), m a trea an ope toe 
164—-166° (Found C444: H, 3-1; N,173 Ray eee N.C HJOLN,: C, 447, H, 31; N 174 
the bensenesulphonyl derivative (prepared by the umann method) had 4 67 we ‘tom, 
methanol) (Found : C, 60-4; H, 61; N, 5-7 CHO: NS requires C, 60-8; H, 63 50%). This is 
a derivative of a methyltetrahydropyridine but the positions of the methy! group and double bond 
were not established 


pure Se pipesidian, 105-6"; 85% piperidine 


The base of b. p. 123 06) te Somme OE 5.0) eanhyengunsnd oh eratay Gapmatannese e 
over platinum (6-2 ¢.) (Hydrogen absorption: 380 cc. Cake CoH, N, 40 cc. Cale. for 80% 
C,H,,N, 370 c.c.). On conversion of part of the reduced base inte its picrate, a mixture was obtained 
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from which e-picoline picrate was isolated in 14%, yield. The rest of the reduced base was treated with 
benzeneseipbonyl chionde wader Schotten- Haumann conditions to give N -bensencaulphomyi-a-pipecolime 
(20%), m. p 64-66" (from light petroleum), alone or mixed with an authentic sample (Found : C, 60-25; 
H, 675; N.&7. CyH, ONS requires C, 60-3; H, 71; N, 5-9%) 
imrneias Cxmmicat Inpoeterss Lixrrep, Restarcn Lasonatonres, 
Hexacon Howse. Biacktiey, Maxcnestes Received, November 19th. 1949.) 


133. Some Naphthothiazoles. 
By W. A. Booousr, Wretey Cocxrr, J. C. P. Scwwarz, and E. R. Srvart 


Naphtho(l’: 2°-4: Sjthiazole and saphthe(2’: 1’-4: Sjthiasole have been prepared and 
their ight-absorption characteristics compared with those of pyridino(2’ : 3’-6 7) benzthiazole 
Attempts to prepare naphtho(2?’ 3°-4 5)thiazole are described 


Recentty Cocker and Boggust (/., 1949, 355) described a new quinthiazole which was assumed 
to be the angular compound, pyridino(2’ ; 3’-6 : 7)benzthiazole (1). Two angular naphtho 
thiazoles have now been prepared for comparison of their light-absorption properties with those 
of the quinthiazole. These compounds, naphtho(I’ ; 2’-4 : 5)thiazole (I1) and naphtho(2’ : I'- 
4: S\thearole (111), were obtained by the route used by Mercury, Vincent, and Sherrill! (/. Amer 
Chem. Sex 1046, 68, 1594) which involves oxidative ring closure of the appropriate 
naphthylithio-oxamic acid to the corresponding naphthothiazole-2-carboxylic acid which is then 
decarboxylated he naphthothiazole (II) had previously been obtained by Hofmann (Ber., 
1887, 20, 1708, 2265) from formo-a-naphthylamide and sulphur. The compound (III) was 
also obtained by an alternative method described below 


nll 
wot CS-ORt 
vil 


All attempts to prepare naphtho(2?’ : 3-4: 5)thiazole (IV) were unsuccessful. Attempted 
yelisatior { 1-+romo-2-napéthylttio-cxamic acid or its ethyl ester, obtained by thionation of 
thyl |-bromo-2-naphthyloxamate in toluene, yielded a product which on heating with mineral 
chl gave rome-2-naphthvlamine A similar experience was recorded by Levkoevw and 
Haskirowa (Chem. Abstr, 1947, 41, 447) who showed that |-bromo-2-thioacetamidonaphthalenc 
m oxidation yielded the disulphide (V), which gave |-bromo-2-naphthylamine when heated wit! 
mineral acid These workers aleo showed that the linear naphthothiazole ” of Fries and 
Buchler (dnnalen, 1027, 464, 260) prepared by oxidation of 1-bromo-2-thiobenzamidonaphtha 
lene is, in reality, a similar disulphide. When ethyl |-bromo-2-naphthyloxamate was thionated 
i ling xylene it yielded a mixture of an unidentified, sparingly soluble compound which may 
be the dieulphide (V1) and efay!l maphtho(?’ - I'-4 : Sthiarole-2-thioncarboryiaw (VI1) (the latter 


being produced with elimination of bromine (Vil} was hydrolysed to sodswm naphtho(2? : 1 


4 S\thrarole-2-carborylate, and this gave the parent thiazole (II1) when boiled with acid. 

Naphtho(2?’ : 3-4. S\thiazole-1' : 4’-quinone (VILLI) was prepared by condensation of 2-amino 
1: 4-naphthaquinone-3-thiol with formaldehyde in weakly acid solution (cf. B.P. 262,141/1926 
the resulting thiazoline being spontaneously oxidised during isolation as shown by the fact that 
the product is unaffected by hydrogen peroxide All attempts to reduce the quinone to the 
aphthothmzole were unsuccessful 

We were unable to obtain 2-methyinaphtho(2’ : 3-4: 5)thiazole by the method of B.P 
$45,538, as in our hands the preparation of 2-aminonaphthalene-3 : 6-disulphony! chloride 
recorded there failed. Further attempted deamination of 1-bromo-2-aminonaphtho(2’ : 3 


4 S)thiazole (Hunter and Jones, ]., 1930, 941) gave unpromising results 








(1950) Some Naphthothiazoles. 
Ultra-violet light absorption data are as follows : 
Compound (1). (11) 


p Sms A log © Somme a 
2500 435 2310 


(2900 3-7) 2000 
3320 3-31 3250 











The higher degree of resolution apparent in (IIT) is in accordance with previous experimental 
evidence that addition of an auxochrome or chromophore in the 2-position in naphthalene 
produces a more complex spectrum than does substitution in the |-position (Ewing and Steck, 
J. Amer, Chem, Soc., 1946, 68, 2181; A.P.I. Research Project 44 Nat. Bur. Stand. Catalog of 
U.V. Spectral Data, Serial Nos. 244-247, 1- and 2-naphthols, contributed by U.O.P. Co., 
Riverside, Illinois; Cocker ef al., to be published). 

Naphtho(2’ : 3’-4 : 5)thiazole-1’ : 4’-quinone shows maxima at 2450 a. (log « 4°45), 2800 a. 
(log ¢ 4°20), and 3400 a. (log ¢ 3°52), characteristic of tricyclic quinones (Spruit, Rec. Trav, chim., 
1949, 68, 325). 


All light-absorption measurements were made in alcoholic solution using the Beckman model 

DU quartz spectrophotometer,. 
EXPERIMENTAL. 
(Analyses are by Drs. Weiler and Strauss.) 

Naphtho(\' . 2’-4: 5)thiazole (11).—Ethyl |-naphthyloxamate was obtained substantially as described 
by (Ber, 1873, 6, 247) 

1-Naphthylihio-oxamsc acid. The above oxamic ester (11 g.) in bowing anhydrous xylene (220 cc.) was 
slowly treated with phosphorus pentasulphide (6-9 g.), and refluxing was continued for | hour. The hot 
xylene was decanted from some tarry material and was distilled in steam, leaving an oily residue 
consisting of the thio-ester, which was shaken with an excess of cold 10% sodium hydroxide solution until 
a clear solution was obtained. After filtration, the solution was acidified and the thic-onamic acid (10 
m. p. 117") was c a CHyOyNs requires C6840 30%) 1 
Found : C, 62-4; 42 atts Se 62-4, H, 3-0%) 

Naphtho(\’ Yr  Ratian’ aud euaatian of the crude thio-oxamic -_ (10 g.) in 10%, sodium 
hydroxide solution (330 ¢.c.) was pmee and slowly treated with a solution o tassium ferrmyanide 
75g.) in water (180¢.c.). The yellowish-brown precipitate which formed ~a te ted and immediately 
refluxed with 8% hydrochloric acid (150 c.c.) for | hour. The hot solution was filtered from Prussian 
blue, boiled with charcoal, and filtered. On cooling, the hydrochloride of the required thiazole was 
obtained (5-5 g It readily dissociated when heated or in water, but crystallised satisfactorily from 
concentrated hydrochloric acid as pale yellow needles, m p. 185°. The hydrochloride (5-0 g.), — 
with aqueous ammonia, yielded the thiazole (2-9 g.) which crystallised from light petroleum (b 
4 ) as large, pale yellow prisms, m. p. 53-54” (cf Hrotmans, lo . t., who gives m. p, 45-46") (F< 

C, 710; H, 40. Cale. for C, NS. Cc, 71-3; H, 3-8 

Naphtho(2’ : 1-4: S)thiazole (111).—Ethyl 2-napht Risiaate was obtained as described by Meyer 
and Muller (Ber, 1897, 30, 770) 

2-Naphthylihio-oxamic acid. This was prepared from ethyl 2-naphthyloxamate (11 g.) as described 
for the |-isomer. A small sample crystallised from water as yellow, glistening plates, m. p. 260-271", 
but a satisfactory analysis was not obtained. 

Naphtho(2’ : |'-4: 5)thiazole. The foregoing crude thico-oxamic acid was treated as in the oe 
ation of (11). The hydrochloride of the thiazole was not isolated, but its clarified solu 
me Ns ay ag it pr ae Sanaa aacenan 
60°) crystallised from dilute alcohol as colou plates or needles, m. p. 65° (Fou C, 70-8; H, 36%) 

Ethyl \-Bromo-2-naphthyloxamate Ethyl 1 2- eee 5 g.) was brominated in 
minimum quantity of cold chloroform with me (5-5 c.c.) in chloroform (15¢c.). After | hour, the 
chloroform ny ati he peg ob neater my lh ypligeng - a with cous sodium carbonate 

colourless needles (27-5 g.), m. p. 08-00" (Found: C, 522; H, 37 
H, 3-7 The compound was also obtained when |-bromo-2 
ne was refluxed for | hour wi 

Thionation, in X —The oc d (166 g) in boiling 
anhydrous xylene ( phosphorus pentasulphide (11-6 g.), and refluxing 
was continued for 45 minutes. bromide was evolved, elpecialty during the later stages of the 
reaction. The hot xylene was and cooled, yielding a yellow solid (A; 45 .), m p. 100-—230°. 
On extraction with ether, (4) left a residue (B; 3-3 shat hy pone ied and thon gove =. heating) 

i red oS m rita 

: 2 








in a vacuum to 50 cc. 

. from (C) was evaporated 

to dryness in a vacuum, and dilute alcohol as yellow needles 
YY 
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20). m p. 106-110 (according to rate of heating). <a tthy! naphtho(? : \'-4 : S\thiazole-2- 
thiomcarbexylate (VII) (Pound: C, 61-4; H, 41; S211. C,,H,,ONS, ires C, 61-5: H, 40; 5, 
23-46%). Extraction of (C) with ether gave a further | ¢. of the thion-ester ester (VII) (0-5 « ) was 
heated for 10 minutes with 10% aqueous sodium hydroxide (24 cc.) in water (100 cc), and the hot 
solution was filtered and cooled, yielding sod:cm o(2’. 1-4: S\thsazole-2-carborylate as colourless 
lates, m p 35-356" (Pound: 5, 11-6 C,.HO,NSNa,H,O requires 5, 11-90%). The salt was boiled 
foe © minutes with 15% hydrochloric acid. and the hot solution was Giltered, cooled, and basified with 
aqueous ammonia, giving naphtho(2’: 1'-4: S)thiazole (0-2 g), mlentical with that prepared by the 
previous method 

Ethyl \-Brome-2-nephthyliivo-csamate ——Ethy|) 1-bromo-2-naphthyloxamate (224 g) in boiling 
anhydrous toluene (550 ¢ ¢) was stirred with a 18 g.) under reflux for 
minutes and then filtered. On cooling, the filtrate deposited yellow crystals, m. p. 275", identical with 

The mother-liquor was evaporated to dryness in a vacuum, leaving a yellow solid (23 ¢), m p 
, which was crystallised several times from alcohol, to give the required thic-ester as yellow 
needles, m. p 88° (Pound: C, 406; H, 45. C,H ONSBr requires C, 49-7; H, 3-6%) 

| Bromo 2-naphthyithes cram Acid Ethyl I bromo-2 naphthyithio-oxamate (1 ¢.) was shaken 
with cold 10%, potassium hydroxide solution (10 ¢ ¢.) for 2 hours he salt was collected and shaken for 
30 minutes with dilute hydrochloric acid, and the precipitated acid (0-8 @) crystallised from dilute 
aleohel as golden needles, mp. 123" (decomp) (Pound: C, 453; H, 33. C,,H,O,NSHr requires 
C, 465; WH 26% 

Naphthe(?’ : 3-4: S\thiasole-1' : 4°-quinone (VIII) --2-Chioro-3-amino-1 : 4 thaquinone (36 g 
was refluxed with sodium sulphide (45 ¢.) in water (330 ¢.<.) for 25 minutes. To the resultant deep-blue 
solution, formaldehyde (40%. 72 ¢.c.) was added, followed by glacial acetic acid (36 ¢.c.) diluted with 
water (T2 cc). The mixture was refluxed for | hour and filtered. The black residue was extracted 
several times with boiling alcohol (500 cx On cooling, sapAtho(2’ : 3'-4 : Sjthsazole-\" : 4 -quinone 
(13 ¢}, m p. 245-252", was deposited The m. p. was sot raised above 245-—252° by repeated 
crystallisation (Found: C, 61-3; H, 24; N,6@6. C,,H,O.NS requires C, 61-4; H, 23; N, 6-5%). 

Attempts to rectuce this quinone to the parent saphthothiazole by zinc dust distillation in hydrogen 
zinc dust fusion (Clar, Ber., 1039, 78, 1645), stannous chioride in acetic acid (Fries and Kerkow, Annaien, 
1922, 487. 281), or bydrogen iodide and phosphorus were unsuccessful 
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13%. A Synthesis of Derivatives of o-Phenylene-cthylenediarsine 
and of 0-Phenylenetrimethylenediarsine. 


By R. H. Gtavert and Prepericx G. Mann 
Derivatives of the above two novel heterocyclic ring systems can readily be obtained 
from phenylenebisdimethylarsine, which combines with ethylene dibromide to give 
1: 1° 4° #tetramethyl-o-phenylene-ethylenediarsoniam dibromide, and with trimethylene 
dibromide to give 1:1. 5° 5-tetramethyl-o-phenyienetrimethylenediarsonium dibromide 
The thermal decomposition of these salts is being investigated 


Iw view of the fact that the heterocyclic ring system of the 5: 10-disubstituted 5 : 10-dihydro- 
arsanthrens (1) can be reasonably readily synthesised and has high stability (Kalb, Annailen, 
1921, 423, 74; Chatt and Mann, /., 1940, 1184), it is surprising that the similar but simpler 
systems present in the 1: 4-disubstituted o-phenylene-ethylenediarsines (1 : 4-diarsatetra- 
hydronaphthalemes) (11) and in the 1: 4-disubstituted diethylenediarsines (1 : 4-diarsacycio- 
hexanes) (III) have hitherto not been recorded. We are engaged in the systematic study of 
the systems (11) and (111) and of their derivatives, and the present paper records briefly one 
ready synthesis of the heterocyclic system (II) and of analogous compounds 
For this synthesis we have utilised o-phenylenebisdimethylarsine (IV), prepared by the 
method of Chatt and Mann (/., 1939, 610 This dliarsine appeared to be particularly promising 
t . K 
As As AsMe, 
He, * 7CH, CHyAsR, 
HON « CH, \) Aste, CHyAsR, 
K 
11) (Iv. (Vv 


for our purpose, for the two tertiary arsine groups are known to be highly reactive, since Chatt 
and Mann (/., 1930, 1622) and Allison and Mann (/., 1949, 2015) have shown that the diarsine 
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has strongly chelating properties. Furthermore, it was considered that a diarsine of this type 
would lend itself more readily to the projected cyclisation than, for example, the corresponding 
ethylenebisdialkylarsines (V) (Chatt and Mann, Joc. est.), because in the former compound the 
two tertiary arsenic atoms are held rigidly by the o-phenylene group in precisely the position 
required for ring formation. 

Experiment has confirmed these considerations. We find that, when the diarsine (IV) is 
heated with one molecular equivalent of ethylene dibromide, combination readily occurs to give 
the highly crystalline dimethobromide (V1) of 1 : 4-dimethyl-o-phenylene-ethylenediarsine, 1.¢., 
1: 1: 4: 4-tetramethyl-o-phenylene-cthylenediarsonium dibromide (1:1: 4: 4-tetramethyl-1 - 2:3: 4- 
étrahydro-| : 4-diarsonianaphthalene dibromide), m. p. 255°. Evidence that cyclisation has in 


Me Me Me Me Me Me 
As Ae CH, CH, Br As-CH, 

4 * “CH GY . - 4 ‘ , 

j r..* 2Be- 4 lie j sCH, 28 

mA » /CH, Y/ Fe * ¢ 
NAP « ‘“AsMe, Aer-CH, 

Me ‘Me Me “Me 

VI (Vil) (VIL) 


fact occurred and that the product is not the isomeric monoarsonium bromide (VII) is provided 
in two ways: (a) volumetric analysis of a cold aqueous solution of the compound shows that al! 
the bromine is present in the ionic form, and (6) the addition of aqueous sodium picrate to such 
a solution causes the immediate precipitation of the corresponding dimethopicrate. 

This type of cyclisation is not limited to the formation of six-membered ring systems. We 
find that the diarsine (IV) when similarly heated with trimethylene dibromide readily gives 
the highly crystalline bicyclic dimethobromide (VIII), i.¢., 1: 1: 5 : 5-tetramethyl-o-phenylenetri- 
methylenediarsonium dibromide (1:1: 4: 4-tetramethyl-1 : 4-diarsonia-2 : 3-benzcyclohept-2-ene 
dibromide), m. p. 258 Here again cyclisation is confirmed by determination of ionic bromine, 
and by conversion of the dibromide in cold aqueous solution into the corresponding dimethopirate. 
There is little doubt that, particularly in the seven-membered ring system present in the com- 
pound (VIII), the polymethylene chain is “ buckled " and that a stable and probably almost 
strainless ring is thus produced 

It is significant that both the dimethobromides (VI) and (VIII) melt with effervescence. 
A preliminary investigation of the thermal! decomposition of the dimethobromide (V1) indicates 
that more than one tertiary arsine may thus be formed. We are now investigating this 
decomposition on a larger scale because the expected simple loss of methy! bromide would 
give rise to 1: 4-dimethyl-o-phenylene-cthylenediarsine, which should then be capable of 
conversion into a tricyclic diarsine system by further combination with ethylene dibromide— 
a synthesis which would be precisely analogous to Mann and Mukherjee's synthesis of the 
dimethobromide of triethylenediamine by the combination of | : 4-dimethylpiperazine and 
ethylene dibromide (/., 1949, 2298). 


EXPERIMENTAL. 


o- Phenylenebisdimethylarsine (1V).——-By working in an atmosphere of nitrogen, as Chatt and Mann 
(loc. cif.) recommend, this diarsine was prepared from o-phenylenebisdichloroarsine, in 82%, yield, as a 
colourless liquid, b. p. 146°/15 mm 

1: 1:4: 4 Tetramethyl-o-phenylenc-cthylenediarsonium Dibromide (1: 1; 4: 4-Tetramethyl-1 : 2:3: 4 
tetrahydro-\ : 4-Diarsomanaphithalens Dibromide) (V1).—-A mixture of the diarsine (1V) (2-7 g.) and dry 
pee ap dibromide (1-8 g., 1 mol.) was heated under nitrogen at 125-—130", .¢., at just below the b. p. 

dibromide. The mixture soon solidified and after a further 2 hours’ heating was cooled, pulvertised, 
washed with ether, and recrystallised from methyl alcohol. The dibromide (V1) was obtained as white 
crystals, m. p. 255° (effervescence) (Found: C, 30-1; H, 48; ionic Br, 33-0. C,H, }ir,As, requires 
C, 30-4; H, 43; ionic Br, 33-7%). The dibromide is freely soluble in cold water, moderately Soluble 
boil thy! alcohol, but only sparingly soluble in boiling ethyl alcohol 
When 4 a cold aqueous solution of the dibromide was added to a similar solution of sodium picrate in 
excess, an immediate precipitation of the dipicrate occurred. This salt, when collected, washed, and 
recrystallised from water, formed yellow arty ‘a m Pp 236-238" (Found: C, 37-7; H, 3-3; N, lod 
Costs requires C, 374; H, 3-1 
1 5: &-Tetramethy!-o-phenylenctrimethylene sonium Dibromide (1:1: 4: 4-Tetramethyl-1 : 4 
PR 2: 3-benscyclohept-2-ene Dibromsde) (VII1).—This compound was similarly to the 
* dibromide, from the diarsine (6-1 g.) and trimethylene dibromide (2-15 c.c., | mol) at 156 
60°. Formation of a solid seep Ucauieanmeegth chie tie pete tempecsines qunterd 160° 
The dibromide, after from meth: en bn te ee wale, m. 


ited, 
ution of the dibro mide 
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differed {rom the previous depicrate im that it was almost insoluble in bowing water, methyl and ethy! 
aleohols. It was therefore collected, washed with water, and dried, and thus obtained as a yellow 
der. m. p. 260° (Pound: C, 3656, H, 35; N, 107. C,,H,,.O.,.N,As, requires C, 38-25; H, 3-3 
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135. Organo-lead Compounds. Part III. N-Trialkylplumbi- 


sul phonamides. 
By B. C. SaUwpers 


\ large variety of lead compounds of a new type, RSOYNK’PbR”, has been prepared by 
two methods. They are highly crystalline, stable, compounds and all possess powerful 
sternutatery properties; many of them are intolerable at a concentration of 1: 16°. They 
are, therefore, more potent than the simpler trialkyl-lead salts already described in this series 
of papers The most effective are N-fri-n-propylplumbimethane- and tri-n-propylplumbs 
bencone sulphonamide 


In 1940 McCombie and Saunders reported to the Ministry of Supply a new type of compound 
namely, N-tricthyipiuminioluenc-p-sulphonamide, C,H Me-SO,NH*PbEt, (1), a colourless 
stable, crystalline compound, recrystallisable from benzene and several other non-polar solvents 
We prepared it in 73°, yield by heating the sodio-derivative of toluene-p-sulphonamide with 
triethyl-lead chloride in alcohol 


C,H,MeSOyNH Na + Cl PbEt, = CJH,MeSOpNH-PbEt, + NaCl 
1.) 


The compound had the lead content required for the formula (1) and was decomposed by passage 
of gaseous hydrogen chioride into its suspension in ether, giving pure toluene-p-sulphonamide 
and diethy!l-lead dichloride. The latter was almost certainly a secondary product, the primary 
product being triethyl-lead chloride which is known to give the dichloride when its dilute 
ethereal solution is kept in the presence of excess of hydrogen chloride. Cleavage 
therefore expressed as 


C,H MeSOsNH- PDE, HC! > C,H MeSOgNH, + PbhEt,C) 


Examined as a sternutator by spraying its alcoholic solution, the sulphonamide (1) proved 
to be the most effective lead sternutator tested till then, being considerably more potent than 
the trialky!l-lead salts described in Parts I and II (/., 1949, 019, 2983 It was intolerable at a 
concentration of 1: 10". Similar syntheses gave N-triethylplumbibenzenesulphonamide, tri-n- 
propyipluminioluene-p-sulphonamide, and tri-n-propylplumbibenzenesulphonamide, all stable 
crystalline compounds and, as expected, the introduction of the tri-»-propyl grouping increased 
the sternutatory action (see Part I, lo sf For example, tri-s-propylplumbibenzene- 
sulphonamide was a particularly powerful sternutator and at a concentration of 1: 10° all the 

bservers were forced to leave the testing-chamber after an exposure of only 40 seconds 
sternutatory grade, 3; cf. Part 1). In addition to its action on the nose, throat, chest, and 
gums, the compound produced irritation on the fingers and faces of some of the workers wh« 
sndertook its preparation, particularly on a large scale 

In efforts to simplify the preparation it was found (1941) that mixing cold alcoholic solutions 
of tri-n-propyl-lead hydroxide and benzenesulphonamide and then adding water precipitated 
V-tri-n-propylplumbibenzenesulphonamuide, practically pure even before recrystallisation, and 
in almost quantitative yield 


PhPr-OH & C,HSOeNH, « C.H,SOyNH-PbPr, + H,O 


This method had wide application and gave excellent yields, particularly when the sulphonamide 
was markedly acid 

A variety of compounds of the type K*SOyNR~PbDR”, was then prepared in which R < Me, 
Ph, oC, H Me, p-C,H Me, or p-NHyC.H, R’ « H, Ph, p-C,H,Cl, or p-C,H,Br, and R” 
Et or Pr* hese were, without exception, powerful sternutators, the most effective being 
in-n-propylplumbimethanesulphonamde, Me-SO,NH-PbPr,, which was extremely unpleasant 
at a concentration of 1:24 x 10° (sternutatory grade 3 In addition, its lower molecular 
weight and high solubility in alcohol and other organic solvents increased its applicability 
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Saccharin reacted readily in cold alcohol with triethyl-lead hydroxide, giving 
$0, o-sulphobensoic tristhylplumbi-imide (111). This and the corresponding 

‘ tri-n-propyl derivative, like the acylic sulphonamides, were powerful! 

N-PbEt, sternutators, being intolerable at a concentration of 1: 10" after only 
Nz 1} minutes. Even at this high dilution a “ sweet taste " was noticed by the 
co observers. 

(ue) In Parts I and II we reported that an unsaturated grouping intensified the 
physiological action of an organo-lead compound. For example, triethyl-lead acrylate and 
tri-n-propyl-lead acrylate were more potent than the corresponding saturated salts. In view 
of the fact that the sulphonamide grouping also increases sternutatory action, it was decided 
to combine the two “ active” groups in one molecule. We accordingly prepared N-(riethyl- 
pluminrethylenesulphonamilide, C H,=CH: “SO, NPh- PbEt,, by the action of triethyl-lead 
chloride on the sedso-derivative of ethyh iid This sodium salt was soluble in 
alcoho! and reacted smoothly. In this instance a purer product was obtained than when 
triethyl-lead hydroxide and the free ethylene sulphonanilide were used, as the latter anilide did 
not appear to be sufficiently acidic to react completely with the hydroxide. Although N-triethy!- 
plumbiethylenesulphonanilide gave an almost intolerable atmosphere at a concentration of 
1: 10", it did not show the expected increased potency compared with the simpler compounds. 

As an example of a compound containing two ~SO,NR-PbR’, groupings in the molecule, 
we prepared methanedi-(N-iriethyiplumbisulphonamiide) (IV), a powerful sternutator, but not 
exhibiting outstanding properties. 

It should be pointed out that no definite chemical evidence has been produced to decide 
between formal (V) and (VI) for these compounds. Both would account for the cleavage by 

R*SOINR’ 
CH,(SO,NPh-PbEt,), R-SOyNR"-PbR”, *PbR”, 
(IV.) (vo (VL) 
hydrogen chloride into the parent sulphonamide and the trialkyl-lead chloride. The point 


could be decided by X-ray analysis, and it is hoped that this will be undertaken in the near 
future. 





EXPERIMENTAI 


N-Triethylplumbutoluene-p- sulphonamide — T oluene-p-sulphonamude (3-4 g.) was ee in alcohol, 
and sodium (0-5 g.) was added. The white flaky precipitate produced was filtered off, washed with 
alcohol, and dried. To this sodio-derivative (1-93 g.), suspended in alcohol, triethyl-lead chloride (33 ¢.) 
was added and the whole heated under reflux for 20 minutes. The product was then cooled and a 
and to the filtrate water was added until the solid triethy/piumbitoluene-p-sulphonamide TT 
After being washed with water, drieJ, and recrystallised from benzene, it had m. p. 127° (Found: 
44-53. C,,H,,O,.NSPb requires Pb, 44-6%). 
Cleavage by hydrogen chloride. (a) p Pade vm Iph de was suspended in a large 
volume of ether, and dry —— “Tee ue dissolved and, after saturation, 
the —— was set aside sapareted (Found: Pb, 62-2. Calc. for C,H C1,Pb 
Pb, og 9 
) ‘Trethylplumbitole p-sulph ded in the minimum volume of ether and 
euabtnte tl A nad doen eolhd anpanated cupitiy and had tb. 18" It was shown to be toluene- 
p-sulphonamide 
N- I rvethylplumbibenzenesul phonamide — as above, but by use of molecular quantities of 
sodiobenzenesu!phonamuide a = lead ch , and rea Po, stallised trom benzene, the su/phonamide 
had m. p. 132° (Found: Pb, 45-9 CHa, O,NSPd 1 requires 46-0%) 
de (3-6 g.) was suspended 











N-Tri-n- propylplumbutoluene- P- 
in alcohol and tri-»-propyl-lead chloride (6-5 g.) was added Co treatment as above, and 


recrystallisation from light petroleum (b. p. 80—-100°) gave the amide, m. p. 100-—101° (Found: Pb, 41-1 
Clie pn uires Pb, 40-9 


‘%). 
N-Tn umbsbenzene sulphonamide —— (a) and purified =s in the 
* tri-n- "plumb: cenesulphonamide ria (as ak hea er fount: Seale 
Crab = “Sp uires Pb, 4 1%). 
olic solution o a hydroxide (from 3-7 g. of the chloride) was added 
an ame solution of benzenesal; (i@g.). Water was ema a! and after 10 minutes the 
product was filtered off. 118 G. of crude but almost pure material were recrystallised es 101 s. 
— fo eee 2 Se 5 Cc. of alcohol dissolved 3-2 Iphonamide a’ 
, and after 6 days the substance was reprecipitated unchanged (m. p. 93-5. ‘) "ae aa the eddition 
a water. 
a eS iethylplumbib ide, and triethylplumbi 
’ ce ponpaned by anata Gi, denen tho enteeaaed anamaitine of tqtomndde 


de (0-06 g.) was dissolved in hot benzene 
and mixed with thethvl-lead hydronide (311 g) disolved in benzene mixture was heated under 


reflux for 30 minutes on a water-bath After cooling, a very small quantity of a solid separated and was 
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recrystallised from aqueous alkohol, this decomposed at 197° (Found : _ Bb, 562%). & the Gitrate 
whine petroleum was added to one ngewe the white crystalline tri ul phomamide 
Sone t petroleum (b. p. 6-80"), had ap. OF (Fane Pb, 53-4 


tallised from benzene lig’ 

requttes Ph, 53-4%) 
"tne reo propy plum, methane iuiphoms mide - oe A ey moist silver oxide (28 ¢) was 
copes in benzene and a small quantity of alcohol To this was added tripropyl-lead chionde 
3-7 «) dissolved in benzene, and the mixture shaken and then filtered. The filtrate was added to 
pay or se > ge rage (0-95 g.) disavived in hot benzene, and o ONS of the previous experiment 

On ere The amide had m P 67" (Found Pb, 481 poe aro mae WO 45 

thy lf seomatos mma t he — aetienn tl methanesulphomy! chloride (3-42 g.) 

end saline (5-82 g.) were a Alter 20 minutes, light petroleum | to 40-00") was added, and 
rom muature of aniline hydrochlonde and methanesu was boiled with benzene and 
tered. To the benzene Gitrate, light petroleum was added. Metbanesulphonanilide, m. p. 100°, 
vated (Found: C, 406; H, 56. Cale. for C,H,O.NS: C, 401; H, 53%). The methane- 
(0-65 g), dissolved in alcohol, was at to triethyl-lead hydroxide (1.55 ¢.) and set 
asule for 30 minutes The white crystalline tricthy/ pissed sulphonamide which separated on the 
addition of water er recrystallised from benzene- ight petccienm (b. p. 40-60"), and had m. p. 115-5" 

(Pound: Pb, 441 iH NSP —s Pb, 4 
N Tricthyipium> coulip of oe lamide (1-72 g.) in alcohol was added to a 
solution of triethyl. ips hydroxide (3-12 g.) in alcohol. After 30 minutes the mixture was filtered, and 
to the filtrate water was added. The colourless tricthyipiumissuiphanilamide which separated was 
recrystallised from alcohol and then had m. p. 171° (Found: Pb, 43-9. C,H,,O,N,5Pb requires Pb, 
, } 











53 
i a wry Jumbstulphancamide sared similarty, the alcoholic solution of the hydroxide 
being made A om the chloride (3-7 ¢} my ohol with moist silver oxide (2-8 g.) for 10 minutes before 
filtration, fr ; frre ey en ome ayes had m. p. 101° after recrystallisation from benzene (Found : 
Pb, 8. C "hb ee Pb requires Pb, 40-09%) 

o Sulphobensoxe Triethyiplumbi imide A solution of triethyl-lead hydroxide (3-11 g.) in alcohol was 
added re an alcoholic solution of saccharin (1-8 ¢). After 30 minutes the mixture was cooled in ice 
water, and water added until « turbidity was produced. On scratching of the vessel, a white solid 
separated which was recrystallised from a mixture of benzene and light petroleum (b. p. 60—80 The 
lead derivative was ye obtained as colourless needles, m. p. 135°, containing nitrogen and sulphur 
(Pound: Pb, 444. C,,H,ONSPb requires Pb, 44-19% 

The compound was dissolved in ether and dry hydrogen chioride passed in. Crystals of saccharin 
separated and, on storage, diethyl-lead dichloride gradually separated from the filtrate 

© Sulphobensonc Tri-a-propyipiumin-imide —Prepared from alcoholic solutions of tripropyl-lead 
hydroxide (from the chloride) and saccharin, and recrystallised from benzene-light petroleum (b. p. 60-—- 
80"), the imide had m. p. 130° (Pound. Pb, 394. C vel 20, NSPb requires Pb, 40-0%) 

N- I riethyiplembitoduene p sulphonaniiide ar rom the sulphonanilide (2-51 g.) and triethyl- 
least = ~e mide (3-12 ¢.) in alcohol, and rec he from aqueous alcohol, the sui/phonaniiide had 
mp * (Found: Pb, 37-4 Cypha Oy NSPb requires Pb, 38-35% 

To n-propyiplumbttoluens-p- sulphonamide — Prepared similarly to the corresponding sulphanil- 
amide from the chloride (3-7 ¢ ) and the a (2-61 ¢.), and recrystallised from aqueous alcohol, 
this anilide had m p. 104° (Found: Pb, 36-0. C,,H,,O.NSPD requires Pb, 35-6% 

N. Drvethy | Pirembstolucne-o- rulphomamide praleoah trom toluene-o-sulphonamide and tnethyl-lead 
hydroxide, and recrystallised from aqueous alcohol, the amide had m. p. 133° (Found Ph, 44-6 
C,,HyO NSP requires Pb, 44.6% 

N shay + amen iuene-p-suiphon-p'-chiorcamlide — Prepared from alcoholic solutions of toluene-p 
sulphoa-p -chioroanilide and triethyl-lead hydroxide, the lead derivative was recrystallised from benzene 
and light petroleum, and had m. p. 111-5" (Pound: Pb, 36-05. C,,H,,O,SNCIPD requires Pb, 36-1%) 

N-Tri-a-propylpiumbstoluene-p-sulphow-p’-chloroamiide,m p 123° (Found: Ph, 33-5. C,H yO NSC iP» 
requires Pb, 33-6 and tricthy/ plumbitoluene-p-sulphon-p'-bromoantinde, m p. 117 (trom benssne) 
(Found: Pb, 33-16. C,.H,,O,NSBirl’> requires Pb, 33-48%), were similarly prepared 

Sodium Ethane-1: 2 disulphonate (cf. Anmaien, 1886, 148, 96, and J., 1922, 120).—The calculated 
quantities of ethylene dibromide and sodium sulphite (7H,©) were heated under reflux with the 
minimum amount of water needed to dissolve the sulphite Alter 3 hours, the mixture was evaporated 
te crystallisation, and the solid obtained was dried at 120 Yield, 75%. 

EK thanedisulphomyi Chloride —To the crude sodium salt, phosphorus pentachloride (2 mols) was 
added, and the reaction completed by careful warming. The phosphorus oxychloride was distilled off 
at 15 mm. and the residee grownd with ice and extracted with ether. The ethereal extract was dried 
(Na, 5SO,) and evaporated. The product, recrystallised from light petroleum (b. p. 100--110"), had 
mp %) voeld 55% 

bh thylemesulphomanilide The above sulphony! chloride (25 g ) was dissolved in ether (30 c.c.), and 
aniline (31 @), also m ether (20 <c), was added If excess of aniline was used, side-reactions took 
place Heat was evolved, and when the addition was complete the mixture was boiled until no more 
sulphur dioxide was evolved The precipitated aniline hydrochloride was filtered off and washed with 
ether The ethereal solutions were extracted with hydrochloric acid and dried (Na,SO,), the ether was 
distilied off, and the residue recrystallised from alcohol; it had m. p. 60° (yield 55%) 

Sodsoethylenesuiphonamiide —-Ethylenesulphonanilide (11 g.) was dissolved in aqueous sodium 
hydroxide solution (25 ¢ « 10%) by warming. The solution was filtered and cooled im ice, and the 
crystalline precipitate which formed was filtered off and dried on a porous plate. This product was 
washed with ether, again filtered, and dried ms acto over asnsumineaal oud shuric acid 

The crude product was readily soluble in alcohol, but was seerpenaliiees by adding a small quantity 
of light petroleum (b. p. 60-80") to a hot alcoholic solution, filtering this solution while hot and then 
cooling it in ice «=The crystalline sodioethylenesulphonaniide was dined +m vacwo over calcium chloride. 
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The yield of re product was 2 g. {16 (Pound: C, 466: H, 38; N71. C,H,O.NSNa 
C468; Hd. & 75%), Thee ~ tan Se beer eee soluble ia 
acetone, and insoluble im ether, c . Seeaedaies ted, 


Ipbonamhde} "Oe ferther heating of 








sodium sulphate remained 
An aqueous ee | on acidification with dilute sulphuric acid, gave a white precipitate of the 
orginal su m. p. 69°) 

N-Trie viplumbsethy iene sulphonamide - Triethyl-lead chioride (1-2 g.) in aloohol (10 cc.) and 
sodioethylencsulphonanilide (0-75 g.) in alcohol (10 c.c.) were mixed and kept at room tem: ture for 
15 hours. Sedium chloride (0-2 g., theoretical yield) was filtered off, and the filtrate pou into water. 
The white pitate which separated was filtered off, washed with water, and dried in eaewo. The 
crude s } mw ative recrystallised as colourless leaflets from light petroleum (b 100-120") (Found 
N, 30 yH,,O,NSPb requires N, 205%) (yield 1 g., 55%). When heat adually, it melted 
sharply et lie” ‘When heated in the open in bulk it decomposed with a mild oT) 

Methanedi uiphomy! Chlonde — Methanedisulphoui acki was prepared from acetylene and fuming 
sulphuric acid by the method of Schroeter | ~~~ > 1919, ais. 183). To the dehydrated acid (20 ¢.), 
phosphorus pentachloride (48 g.) was added in small quantities. When the addition was complete, the 
mixture was heated on a water-bath for 15 minutes then the phosphorus oxychloride was distilled off 
at 42°/20 mm. The residue on distillation at 143° /20 mm. gave the pure disu y! chloride (20 g.. 63%). 

M ethanedisulphonaniiide Aniline (9-3 g.) in benzene (50 cc) was ed to methanedisulphonyl 
chioride (5-3 ¢.) in benzene (35 cc). The mixture was boiled under reflux for 10 minutes, cooled, 
shaken with sodium hydroxide (4 g.) in water (25 ¢.c.), and filtered through sintered glass to remove a 
shght ipitate. The aqueous layer was separated, extracted with more benzene, and then acidified 
with dilute hydrochloric acid. The precipitate was purified by repeated dissolution in dilute sodium 
hydroxide solution, washing with benzene, and reacidification diseiphonanilide thus obtained 
(3-8 g., 50%) was dried im vacuo over solid potassium hydroxide and paraffin wax 

M ethaneds-(N-triethyipiumbssulphonanilide) - Trethyl-lead hydroxide (2 g.) ) was added to methane- 
disulphonanilide (1 g.) in a mixture of water (10 c.c.) and alcohol (10 ¢.c.), and heated till clear. The 


aqueous alcohol. Methane di-(N-triethy! 
insoluble in water, soluble in alcohol 
71° and decomposed at 180° with effervescence. 


ng first decomposed by nitric acid in a sealed tube (Found: Pb, 44-9. Cola, 25,Pb, requires 
45-4%). 





The author thanks the Chief Scientific Officer of the Ministry of Supply for permi bhish 
this work, and is also indebted to the following for considerable iiky witht Caio ot toe geapeantoee work. 
R. Heap, F. E. Smith, and G. J. Stacey. 
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136. Steroids and the Walden Inversion. Part VI. Reduction of 
Cholest-5-en-3-one with Lithium Aluminium Hydride. 
By C. W. Snorrer and G. H. R. Summers. 


Cholest-5-en-3-one by reduction with lithium aluminium hydride gives unexpectedly much 
cholesterol and very little epscholesterol ; the stereochemical course of the reduction is compared 
with that of other steroid ketones 


LITHIUM ALUMINIUM HyDRIpe (Finholt, Bond, and Schlesinger, J]. Amer. Chem. Soc., 1047, 68, 
1199) is a valuable reagent for reduction of variants of the carboxyl group: R-—-CO-—-X —— > 
R-CH,’OH (X « H, OH, OR’, Cl) (Nystrom and Brown, ibid., pp. 1197, 1548). Further, ketones 
give secondary alcohols, whilst amides yield primary amines (Uffer and Schlittler, Helv. Chim. 
Acta, 1948, 31, 1397), but simple ethylenic linkages are unafiected. 

Reduction of cholest-5-en-3-one (1) without alteration of the position of the double bond can 
be carried out only in neutral media, since this compound is readily isomerised, ¢.g., by simple 
filtration in pentane solution through non-neutralised aluminium oxide, to cholest-4-en-3-one 
(II). Partial hydrogenation of (I) with Raney nickel in cyclohexane yields considerable but 
variable quantities of epicholesterol (V) (Ruzicka and Goldberg, Helv. Chim. Acta, 1936, 19, 
1407); since reduction with lithium aluminium hydride has been observed sometimes to offer 
advantages over catalytic hydrogenation (cf. Plattner ef al., ibid., 1949, 82, 265; Salamon, idbid., 
p. 1306), we have used this reagent to reduce (I), Reduction proceeds smoothly to give 
cholesterol (IV) and epicholesterol (V) but the yield of the latter is only about 5%, 

The one-sided stereochemical course in the reduction of (1) is surprising since similar reduction 


of cholest-4-en-3-one (II) leads to approximately equal quantities of the epimeric cholest- 
4-en-3-ols * (Mc Kennis, jun., and Gafiney, J. Biol. Chem., 1948, 175, 217); this result has been 
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confirmed by Plattner ef a/., (loc. cit.). On the other hand, it has recently been reported that 
reduction of 7-ketocholestery! acetate (III) with lithium aluminium hydride proceeds largely 
in one stereochemical! direction to give mainly cholest-5-ene-36 : 78-diol (VIII) accompanied by 
5% of cholest-6-ene-36 : Ta-diol (IX) (Fieser, Fieser, and Chakravarti. /. Amer. Chem, Soc., 1949, 
Ti, 2226) 


Liaint, LiAIM, 


on On OH On cay OH OH OH 
IV V vi Vil Vill iX 


In reduction by lithium aluminium hydride the active entity appears to be the anion AlH,° 
and, since in the reductive fission of epoxides attack at carbon is accompanied by inversion of 
configuration, it has been suggested that the reaction is a bimolecular nucleophilic replacement 
Sy2 (Trevor and Brown, ibid., p. 1675) Reduction of a carbony! group is a bimolecular addition 
reaction, so that steric factors should operate (cf. Dostrovsky, Hughes, and Ingold, ]., 1946, 173 

Although the presence in (1), (II), and (ILI) of a double bond at the bridgehead ensures that 
the lower portions of rings A and 6 are essentially flat, steric hindrance by the angular methy! 
group at C.,¢, arising from repulsion by the electrons of the three C-H bonds, might impede 
frontal as compared with rearward attack at C,,, by the anion AIH,®. Such hindrance would be 
consistent with the predominance of the 36-hydroxy-epimeride (IV) and the 75-hydroxy 
epimeride (VIII), but would be expected also to lead to production of (VI) as the major epimeride 

We have also examined the reduction by lithium aluminium hydride of cholestan-3-one (X 
and coprostan-3-one (XI); the former gives cholestanol (XIII) with ~4% of eprcholestanol 
(XIV), whilst the latter yields epicoprostanol (XVI) accompanied by ~4°%, of coprostanol (XV). 
These results closely resemble those obtained by catalytic hydrogenation in neutral media (Diels 
and Abderhalden, Her., 1906, 39, 884, Ruzicka et al., Helv. Cham. Acia, 1934, 17, 1407 The 
production of (XIII) as principal product is consistent with lesser hindrance at C,,, by the angular 
methy! group at C,,..; in the favoured formation of (X V1) this is not the case, unless the numerous 
constellations accessible to rings a and 8 in derivatives of coprostane (Shoppee, Ann. Reports 
19446, 43, 200) combine effectively to eliminate steric hindrance by the angular methy! group at 
(\. ‘Uf hindrance by the hydrogen atom at C,,, is envisaged, as in discussion of the differential 
rates of alkaline hydrolysis [Sy2) of the 3-acy! derivatives of the alcohols (XIII-—XVI) (Ruzicka 


on ti On ii OH H ON H OH H OH OH H OH 
Xt! sAITV) X\ XVI XVII AVI 


Furter, and Gokiberg, Helv. Chim. Acta, 1938, 21, 498), then frontal attack by the anion AlH,® 
at Cy, in (X), and similar bat rearward attack in (X1), should be the less hindered, leading 


* Formerly calle! “ allocholesterol * and “ ¢fiallocholesterol.” 
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respectively to predominant production of (XIV) not (XIII), and (XV) not (XVI). From both 
points of view it is curious that in the cholestane series, where ring 8 is certainly a rigid chair-form, 
it has been found that reduction of 7-ketocholestany! acetate (XII) with lithium aluminium 
hydride gives approximately equa! quantities of cholestane-35 : 75-~diol (XVII) and of the 
38 : 7a-diol (NVIII) (Pieser, Pieser, and Chakravarti, Joc. cit.; cf. Wintersteiner and Moore, /, 
dimer. Chem. Soc., 1943, 65, 1503). 

Finally, it may be remarked that asymmetric induction at C,,, by the other six nuclear 
asymmetric centres might be expected to produce a considerable effect because they occupy 
fixed positions, relative to C,,,, in a polycyclic system; for the same reason variation of such an 
effect in opposite senses would not be expected. 


EXPERIMENTAL. 

(M. p.s were determined thermo-electrically on a Kofler block, and are therefore corrected ; limit of 
error +2 Al) solvents were rigorously purified and dried.) 

Cholest-5-en-3-ome (1).—This was prepared by the method of Butenandt and Schmidt-Thomé (Ber., 
1936, 68, 882. cf. Ruzicka and Bosshard, Helv. Chim. Acta, 1937, 90, 244); the crude uct, m. p. 
120-124", is readily purified by dissolution in tane, filtration of the solution through a columa of 
neutralised aluminium oxide ° (activity [1-—11], 30 x wt. of the crude product) prepared in oeaene, and 
subsequent washing with pentane. The material 0 eluted, by a single recrystallisation from acetone or 
ethanol, gave the ketone as needles, m. p. 127° 

Reduction with lithium aluminium hydride. To a vigorously stirred solution of lithium aluminium 
hydride (2-17 g.) in ether (150 ¢.c.) cholest-5-en-3-one (1) (m. p. 127°; 2-56 g.), dissolved in ether (100 c.c.), 
was added during 25 minutes. The mixture was stirred for 2 hours with addition of ether from time to 
time, the solution becoming opaque; thereafter the reaction-flask was cooled in ice, and excess of lithum 
aluminium hydride destroyed with ice-cold 0-I1N-sulphuric acid. The ethereal layer was separated, the 
acidic solution extracted twice with ether, and the combined ethereal solutions washed with water, 
sodium hydrogen carbonate solution, and again with water, dried (Na,SO,), and evaporated to give a 
white solid (2-56 g.; m. p. 133-138"). A portion (326 mg.) of the reduction product, dissolved in ethanol 
(50 c.c.), was treated with a warm 1%, solution of digitonin in 05% ethanol (200 cc). After being kept 
overnight, the precipitate of cholesterol digitonide was filtered off and dried (1-2363 g., = 205 mg. of 
cholesterol); decomposition of the digitomde by dissolution in pyridine (15 c.c.) and precipitation of 
digitonin with ether (200 c.c.), followed by working up of the resulting filtrate, gave cholesterol (200 mg _}, 
m. p. 148° after crystallisation from ethanol. The original alcoholic filtrate was evaporated completely 
in a vacuum, and the residue repeatedly extracted with ether; the combined ethereal extracts, after 
being washed with 2~x-hydrochloric acid, water, sodium hydrogen carbonate solution, and water, were 
dried (Na,SO,) and evaporated to yield an oil which solidified on cooling. Crystallisation from aqueous 
ethanol gave e¢picholesterol (12 mg.) as plates, m. p. 140°, mixed m. p. 140-141 The proportion 
of cholesterol in the reduction product was thus 90-5%, 

Conversion into Cholest-4-en-3-one (11). Cholest-5-en-3-one (m. p. 127°; 320 mg.), dissolved in pentane 
(30 c.c.), was filtered through a column of aluminium oxide (Spence type H, activity [1, 10 g.) prepared 

ntane. Evaporation of the filtrate gave crystalline material (m. p. 80-—81° alter slight softening ; 
102 mg); elution with pentane, with benzene-pentane mixtures, and with benzene gave various fractions 
(m. p. 73° to 80°; 215 mg.). All fractions were united and recrystallised from ether-methanol to give 
cholest-4-en-3-one (111), m. p. 80—-81°, undepressed by admixture with an authentic specimen 

Reduction of Cholestan-3-one (X) with Lithium Aluminium Hydride —The procedure was that described 
for cholest-5-en-3-one (1). Cholestan-3-one (m. p. 120-—130°; 884 mg.) gave a reduction product (600 
mg.); & portion (350 mg.), dissolved in ethanol (100 ¢.c.), was treated with a warm 1-33% ee ad 
digitonin in 96% ethanol (150 c.c.). The insoluble digitonide was filtered off and gave by appre 
treatment cholestan-38-ol (319 mg.), double m. p. 125° and 140-141" after crystallisation from 
The alcoholic filtrate by evaporation and ether-extraction of the residue yielded cholestan-3a-ol (12 mg ), 
m. p. 180—181° after crystallisation from aqueous methanol. The proportion of cholestan-3f-ol in the 
reduction product was thus 91% 

Reduction of Coprostan-3-one (X1) with Lithium Aluminium Hydride.-The procedure was that 
described above: coprostan-3-one (m. p. 59—61°; 950 mg.) gave a reduction product (945 mg.), a 
of which (318 mg.) was separated by treatment with digitonin as above. Only a small precipitate was 
obtained after storage overnight; this by a te treatment gave material (18 mg.) which after 
crystallisation from methanol yielded coprostan- as needles, m. p. 100°, undepressed by admixture 
with a genuine specimen. Evaporation of the alcoholic filtrate and ether-extraction of the residue 
furnished crystals (m. p. 102—-106° crude) ; recrystallisation from acetone gave coprostan-3e-ol (300 mg_.), 
m. p. 115-116", alone or mixed with an authentic specimen. The proportion of coprostan-3-e-ol in the 
reduction product was thus 04% 
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* Prepared by washing with warm aqueous sodium hydroxide and then warm acetic acid and then 
washed to neutrality with water; reactivated at 200° for 30 hours. 
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137. 3: 4-Dimethyl 1-Fucose and 2: 3-Dimethyl t-Rhamnose. 
By E. E. Peecrvar and E.G. V. Percrvat. 


From 2toluene-p-sulphowy! 3° 4-inopropyiidemne a-methyl-_-fucoside by mild hydrolysis 
methylation, and reduction, 3. 4-dimethy! a-methyl-t-fuconde and 3: 4-dimethy! .-fucose have 


teen prepared 2 3-Dimethyl t-rhamnose has been prepared by a similar route 
Tue isolation of a dimethy! t-fucose from methylated fucoidin made it desirable to prepare 
synthetic dimethy! fucoses of known structure. The preparation and properties of the 
3 : 4«<dimethy! momer are now recorded 

a-Methy!-.-tucoside was converted into the 3: 4-1sepropylidene derivative (1) (MacPhillamy 
and ERiderfield, /. Org. Chem., 1039, 4, 150) from which 2-/oluene-p-sulphowyl 3 : 4-isopropylidene 
a-methyl-1.-fucoside (11) was prepared. Methanolysis removed the acetone residue (to give IIT), 
and methylation then gave 2-oluene-p-sulphonyl 3: 4-dimethyl a-methyl-t-fucoside (IV 
Reductive fasion of the toluene-p-sulphony! residue gave 3: 4-dimethyl a-methyl-.-fucoside (V) 
from which by hydrolysis 3: 4-dimethyl L-fucose was obtained as the monohydrate, m. p. 75", 
1)p 118 


Met) 
Met) 
\ 


By a similar process 2. 3-:sopropylidene a-methy!-t-rhamnoside was converted into 4-foluene- 


p-sulphony! 2: 3-dimethy! a-methyl-t-rhamnoside from which, by reductive hydrolysis followed 
by the removal of the glycosidic methyl group, 2: 3-dimethyl L-rhamnose was prepared as a 
syrup, [alp +40 This compound prepared by another route (Schmidt, Plankenhorn, and 
Kiibler, Ber, 1042, 75, 579) is reported to have ‘a), +474 Crystalline 2: 3-dimethyil L- 
rhamnose anilide has been prepared 

Fy the paper chromatogram the Rg values (Hirst, Hough, and Jones, /., 1949, 928) of both 
dimethy! 6-deoxyhexoses have been determined and compared with those of 2-methyl fucose and 
4-methy! rhamnose, prepared by the methylation and hydrolysis of the corresponding tso- 
propylidene a-methyiglycosides. Certain differences between the results obtained and those 


Sugar Re Sugar Re 
4-Methyi L-chamnos O44. O64 (0-57 2- Methyl 1-fucose 0-56 (0-51 
2 . 3- Lemethyl t.-rhamnose #s2, OD + 4-Duemethyl t-fucose 067. 0-68 


previously published (Hirst, Hough, and Jones, joc. ci/.) (in parentheses) emphasise the point 
made in that publication that such figures are useful as an indication of the methylated sugar 
concerned, but that direct comparisons on the same chromatogram are essential before identity 
(in the chromatographic sense) can be established, because of the difficulty of the rigid standard- 
sation of all the variables between different laboratories 


EXPRRIMENTAL, 


3. 4-isoPropylidense a Methyi-t /ucosde.—-a Methyl-t-fucoside (1 g.) in acetone (50 cc.) containing 
two drops of acetaldehyde was shaken with anhydrous « a sulphate (11 g.) for 120 hours. One drop 
of concentrated sulphuric acid was then added, and shaking continued for a further 14 hours. After 
filtration and neutralisation with potassium carbonate, the solvent was evaporated, the product (0-9 g), 
distilled at 95° 0-01 mm, had «ff 1-4621, (a ff — 160° (c, 1-0 in water On storage in the refrigerator the 
prodact solidited 

2-Tolucne-p-omlphony! 3 4-is0Propyiidene a-Methyl-.-fucoside.—The above derivative (0-561 g.) in 
pyridine (5 cc) was treated with powdered toluene p-sulphony! chloride (1 g ) and kept for 2 days at 15 
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When the mixture was poured on ice a white crystalline solid was obtained which was combined with the 
peneneh eenad 20 Ceeees SS ie CANN Pe ens Pee Se ee ee 
acid, aqueous sodium hydrogen carbonate, and water, dried evaporated 
methanol a crystalline rept m. p. 182°, ¥- ieee loinc 
C, 4-7; H, 66; OMe, 85. C,,HyOS 7 he 8; H. 645; OMe, 83 
2- Toluene-p- sulphowy! 3 4-Dimethyl ethyl L-fucossde —Crystalhne becteseep . 
prory opyhdene «-meth Itucoside (0-5 g.) was treated with maathanclic hydregen chloride {10 cc : 1%) ot 
0° for | hour. A neutralisation with silver carbonate and extraction of the silver residues with 
ethanol, 2-tolwene-p- sul yl a-methyl-t-fuconde (0-36 g.), m. p. 158", {ef - ~~ 85" (ce, 1-0 in chloroform), 
was obtained. This su wes then methylated ¢ times with methy! todide and silver oxide, yg ow 
a crystalline product (0-4 g ) which, recrystallised from chloroform Se Th 
a) 84° fe, $1 in chiorotorm) (Found c, 53-6; H, 6 Mime 166; 5,82 Cul 0,5 
requires C, 53-3; H, 67; OMe, 17-2; 5.90%). 
$ ¢-Dimethyt «: Methyl-t oside — above compound (0-5 g.) in methanol (11 cc.) and water 
(5 cc.) was treated with eS 8 Oe ee ee ee After 
filtration and extraction with chloroform, the extracts were treated with carbon dioxide for 15 minutes, 
dried (Na,SO,), and freed trom organic solvents under diminished ee The aqueous residue was 
neutralised with carbon dioxide, ev ted Ty ness, and extract th ether Deen these operations 
a crystalline fucoside was (O2 ¢ h was recrystallised from boiling light roleum 
(b. p. 40-60"), to give ~? 100", ‘or —~213° (¢, 1-3 in water) (Found: C, 52-1; H, S46; OMe, 
_ GH,,0 et at 52-4 86; OMe, 45-1 
4-Dimethyi L-Fucose.—3 | 4-Dimethyl «-methy!-t-fucoside (0-13 g.) was hydrolysed at 100" with 
Nai acid (15 c.c.; 4%) for 3 hours, whereafter the rotation was constan After neutralisation 
barium carbonate, ev tion to dryness, and extraction with acetone, a. A (eile 
was obtained, having m. p (from ethanol), m. p. 76° (from chioroform-—light petroleum), «)f? —118 
tate water) (Found: C, “a: H, #9; OMe, 27-9. C,H,,0,H,0 requires C, 46-6; H, 66; OMe 
205 


+ Cdicae -p- sulphon y 2. 3-isoPropylidene a- Methyl-t-rhamnonde —-Anhydrous rhamaose (12 g ) was 
boiled with methanolic hydrogen chloride (150 c.c.; 025%) until non-reducing (40 hours) and the syrupy 
eA ee po nw aren ('a)p —48") isolated. Treatment with acetone as previously described gave a good 
yield of the ssopropylidene derivative which distalled at 110°/0-06 mm., ie fe, bh in 


acetone). Foostenent of this pootect (8.9) ot 8 luene-p-sulph 
as described above gave, on pouring o' - 
recrystallised (2-7 g.) from methanol and had mp. 60°, («)ff +22-5° ‘te, 2 
Compton, J. Amer. Chem. Soc., 1935, §7, 2306, quote m. p. 61-62", 
Removal of 





“ 


4-1 oluene-p-suiphony! 2 3- Dimethyl oe M cthyirhamnonde = lidene residue 

as described above Pa a syrupy rhamnoside, [a)p —73-5" (¢, 1-4 in chloroform), -5208 (Pound 
5.69; OMe, 80 C,H, requires S, 9-6; OMe, 03%). Methylation with methy! iodide and silver 
a in 3 ey ery gave a crystalline ether (1: on ) which, recrystallised from chiorotorm-tight petroleum 

had mp. Ili’, « lp 33° (c, 2-0 in chloroform) (Pound: C, 526; H, @4; OMe, 254 

¢, re O, -5 requires C, 53-3; H, 67; OMe, 25-86%) 

2 | 3-Dimethyi a-Methyirhamnoside and 2 : 3-Limethyl Rhamnose.-—-Treatment of the above derivative 
(1 g.) with sodium amalgam as described previously gave 2 3- dsmmeth yl a-methyirhamnoside as a syrup 
(0-5 g.) which distilled at 110°/0-05 mm. and had »}f 1-4538, [a]p —6° (¢, 20 in water) (Found: OMe, 
43-2. C,H,,0, requires OMe, 45-:1%). Hydrolysis with sulphuric acid (4%) was complete in 6 hours 
2: 3-dimetby! te isolated as above had (a)p + 40° (¢, 0-7 in water) (Found: OMe, 300. Calc. for 
C,H,,0,: OMe, 323%). Treatment of the syrup (0-4 g.) in ethanol (5 cc.) with aniline (0-4 g.) at 80 

3 hours followed by evaporation “ 7. A = ster ty gave an anilide, m. p. 138-139" (Pound 
C, 623; H,7-9; N, 40: OMe, 21-4 ,O,8 requires C, 629; H, 7-9; N, 5-2; OMe, 23-2%) 

Periodate Oridation [with A. G Ross 1 denasite of the acetaldehyde liberated on oxidation with 


periodate (Cameron, Ross, and Percival, J]. See. Chem. Imd., 1048, 67, 161) gave only 5-6% of the 
theoretical amount 
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138. A Theoretical Treatment of the Diels-Alder Reaction. Part 1. 
Polycyclic Aromatic Hydrocarbons. 
By R. D. Brown. 


A new theoretical treatment of the diene synthesis is described. A quantity termed the 
para-localisation energy is defined, and the results of calculations of this quantity for various 
pairs of positions in some polycyclic aromatic hydrocarbons are reported. It is shown that these 
<etue Gan 0 Gend 40 ict correctly in every case whether a molecule is reactive, and the 
observed position of tion. The need for some experimental rate measurements is briefly 
indicated and the factors neglected and approximations involved in the proposed theory are 
enumerated. 


Tue mechanism of the Diels-Alder reaction has been the subject of a number of investigations. 
In particular it has been shown by stereochemical and kinetic evidence (Bergmann and Eschinazi, 
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J. Amer, Chem. Soc., 1943, 65, 1405; Wassermann, /., 1962, 612) that the activated complex 
has a configuration similar to that of the final addition product, i.«., that the two new C-¢ 
bonds are formed simultaneously. Theoretical interpretations include Clar’s (Ber., 1931, 64, 
2104; 1932, 65, 1521) involving biradical intermediates; an alternative explanation applicable 
vinyl derivatives of aromatic hydrocarbons has been proposed more recently (Daudel and 
Puliman, J. Physique, 1046, 7, 105; Compt. rend., 1945, 221, 201; Daudel ef al., Bull. Soc. 
chium., 1048, 15, 1202), the dienic properties being associated with certain features of the 
molecular diagrams obtained by the method of mesomerism. However it is hard to see how 
either of these ideas could be applied semiquantitatively to determine relative reactivities of 
various molecules. 

Evans and Warhurst (Trans. Faraday Soc., 1938, 34, 614) have given a detailed treatment of 
the kinetics of the dimerisation of butadiene, based on the theory of absolute reaction rates, and 
assuming the configuration of the activated complex mentioned above. Unfortunately more 
complex systems are not so susceptible to such a treatment, 

The proposed theory combines the advantages of a semiquantitative treatment with 
applicability to a wider range of molecules. In many ways it is analogous to Wheland’s treat- 
ment of aromatic substitution (/. Amer. Chem, Soc., 1942, 64, 900; Dewar, /., 1949, 463). For 
the present we shall consider the addition of one particular dienophi!l (maleic anhydride) to 
various conjugated hydrocarbons; it is hoped later to extend the theory to cover the reactions 
of various dienophils with a particular hydrocarbon 

Assumptions of the Theory..-The formation of an adduct involves the localisation of two of 
the welectrons of the conjugated hydrocarbons to form the two new a C-C bonds. The funda 
mental assumption of the theory is that the ease of formation of an adduct at a pair of atoms, 
mand, of the hydrocarbon depends only on the energy required to localise two of the n-electrons 
upon atoms m and m, provided thal m and n are orientated favourably. This latter provision will be 
taken to be that m and « mast lie para to one another in the case of a polycyclic hydrocarbon. It 
is proposed to term this energy quantity the para-localisation energy * of the pair of atoms m and nm 

The above assumption is equivalent to assuming that the entropy of activation is constant 
for a given dienophil, and that the important variable part of the potential energy of activation 
is the para-localisation energy. If such assumptions are valid then it is also likely that the 
para-localisation energy is the important variable portion of the free energy of reaction ; in other 
words it is likely that the products most rapidly formed will be the most stable. This 

consequence “ is important because in many cases it is not clear whether the experimentally 
isolated products are those most rapidly formed or those which are the most stable (from the 
equilibrium point of view); for the present theory we are justified in interpreting qualitative 
results in either of these two ways. 

Computation of Paratocalisation E nergies._-_The para-localisation energies may be computed 
by any of the standard approximate quantum-mechanical methods, but the molecular-orbital 
method, which has several advantages over other methods, particularly when large unsymmetrical 
molecules are concerned, has been used exclusively in the present work. Clearly from the 
definition of the para-localisation energy, ?, we have : 


PaeR-E+% . (a) 


where E is the r-electron energy of the original conjugated system, 2a the energy of two isolated 
»-electrons, and £, is the total m-electron energy of the one or more separate conjugated systems 
left when the two »-clectrons are localised upon atoms m and ». In keeping with previous 
terminology (Brown, Aust. J. Set. Res., A, 1949, 3, 566) these conjugated systems will be 
termed collectively the residual molecule 

The energies E, E, may be computed by assuming orthogonal atomic orbitals, or by including 
the overlap integral, whose value is generally assumed to be 0-25. The latter procedure is generally 
accepted as being more accurate, and it has been proposed (Brown, Trans. Faraday Soc., in the 
press) to denote energy quantities computed by assuming an overlap integral of 0°25 by primed 
‘ymbols, quantities computed by assuming orthogonal orbitals being represented by the corre 
sponding unprimed symbols. In addition the former quantities are expressed in terms of the 
exchange integral, y, the latter in terms of the exchange integral, 8. Thus P’, defined by 


P E, fh’ + 2a (2 


will be expressed in terms of y, /, defined by equation (1), in terms of 8. In general both P and 
P’ will be listed for each pair of positions, but only J” will be converted into kcal. mol.-', the 


* I am indebted to Professor C. A. Coulson for suggesting this name and the swmbol P 
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conversion factor, y ~ —34 keals., recommended by Dewar (Trans. Faraday Soc., 1046, 42, 
767) being used for this purpose. 

P and P’ may alternatively be expressed in terms of resonance energies : 

PoeR—R,-—-B . (3) 
P’ « R’ — RB,’ — ity (4) 

Before proceeding to the discussion of results obtained for various molecules we may notice 
a general principle which is apparent from inspection of equations (3) and (4), namely that for 
any given molecule the most reactive pair of positions will be those giving rise to the most stable 
residua! molecule. 

Results.—The results of calculations of P and P’ are listed in Tables 1—IV. Except where 
otherwise indicated in the Tables, the resonance energies involved have been calculated by 
direct solution of the relevant secular determinants. Difierences in P’ from the value — 207y 
for the 9: 10 positions of anthracene have in many cases been converted into “ theoretical ” 
ratios of rate constants upon the assumption that RT «— 0 kcal. N represents the number of 
separate conjugated systems comprising the residual molecule. This will be referred to again 
later. 

The para-localisation energies of the linear polyacenes (1) are shown in Table I. Two things 
are apparent. First the para-localisation energy of the most reactive pair of positions for a 

» 1 ven molecule decreases with increasing size of the molecule, 

Y , pointing to an increase in reactivity with increasing molecular weight. 

s Secondly in any particular molecule the reactivity of successive 

* ¥ pairs of “ meso -positions (pairs such as 1:4,5:16, 6:15 in 

hexacene being classed as “ meso” for convenience in discussion) 

increases as we move towards the centre of the molecule. From the results for an infinite strip 
it is clear that a limiting value of the reactivity is rapidly approached in both of these sequences, 

Many other possible pairs of positions have been excluded from consideration in the Tables 
by means of the principle that only pairs giving rise to sufficiently stable residual molecules 
will be reactive, and, on this qualitative principle, the positions listed are the most reactive of 
all possible pairs in each molecule. 

Taste I. 


The Polyacenes.* 


Positions. 
Henzene 
Naphthalene 
Anthracene 
Naphthacene 


Pentacene 


Hexacene (1) 


weeeess 
a 


Infinite strip * 


i 


2ezc 
2o~— 
“ew 


48,000 

* N is 2 for all pairs of positions considered ® Values for the limit of the polyacene series 
were computed by using asymptotic values for the resonance energies, KX, R’ (results in course of public- 
ation). pairs of positions referred to by a, b, ¢, . . . are the successive “ meso *’- thoms 
starting at one end of the strip; for example, on this system the pairs of positions in Soeneene 
numbered 1 : 4, 5: 16, 6: 15 would be referred to as a, b, ¢, reapectively 


The results given in Table I explain the experimental findings for the polyacenes. As 
benzene and naphthalene do not add maleic anhydride (Mameli, Pancotto, and Crestani, 
Gazzetta, 1937, 67, 669; Alder, “ Newer Methods of Preparative Organic Chemistry,” 1048, 
p. 485; Clar, “ Aromatische Kohlenwasserstoffe,” 1941, p. 12) and anthracene on the other hand 
undergoes addition at the 9 : 10-positions (Clar, Ber., 1931, 64, 1682; op. ci/., p. 126; Diels and 


ee ee eS ee A ee 


Fe 
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Alder, Annalen, 1931, 486, 191) it appears that appreciable addition can be detected only whea 
P is lews than —3°66 or / is lews than —2-3y (78 keals./mole). In agreement with prediction 
naphthacene, pentacene, and hexacene add male anhydride at the central “ meso “-positions 
with rapidly increasing ease (Clar, Ber., 1932, 65, 503; 1931, 64, 2194; 1939, 72, 1817). 

The critical values of P and P” just mentioned will be seen to predict correctly the course of 
the Diels-Alder reaction for all polynuclear hydrocarbons for which the experimental! facts are 
known. Strictly, a given critical valee of /” should apply only for a given experimental 
temperature (and possibly solvent) and for a given value of N. However, in the present paper 
almost all reactive positions correspond to N = 2. Also it might be necessary to specify 
different critical values for different dienophils. The experimental data are not sufficiently 
numerous to select any particular temperature as standard 


Tame Il 


Molec ale Positions 
Phenanthrene (11) ‘ 
i2 
i2 


“a 


7 
SS Sia 


aeo 


Chrysene (111) 


16 


° 


3 . 4- Renzphenanthrene |1\ 


“w"“e~"euweno~ 


ioe te 


I 
“ 


i 
6 
6 


Picene (V) 


*euveeuve ee Oe ee & 


yas tee 


ee ee ee ee ee 
=e 


* The resonance energy of the residual molecule, X,, was obtained from Syrkin and Diatkina’s 
data (Aca Phyncockom., 1046, 21, 641 » R, was obtained from Berthier and Pullman's data (Aull 
soc. chim, 1948, 18, 554). * R, was calculated from the redox potential of the corresponding 
quinone by an empirical method (in course of publication 


The para-localisation energies of some angular hydrocarbons are listed in Table I]. All 
values listed are greater than those for | : 4-addition to naphthalene; this is in agreement with 
experimenta! observations (Jones, Gogek, and Sharpe, Can. ]. Research, B, 1948, 26, 719; Alder, 
op. otf., p. 485; Clar, Ber., 1932, 65, 853; Clar and Lombardi, ibid, p. 1413) that phenanthrene 
and chrysene will not react with maleic anhydride. The possibility of reaction of 3: 4-benz 
phenanthrene or picene with maleic anhydride does not seem to have been investigated. The 
present results indicate that no addition will take place with these hydrocarbons; a result to be 
expected from the principle that “ only molecules containing the anthracene skeleton will react 
It will also be noticed that the reactivity, as indicated by the smallest value of the para 
localisation energy for each molecule, remains almost constant 

Values of P and P” for some molecules related to anthracene are presented in Table III (it 
will be noticed that N is 2 for all pairs of positions considered), These indicate that addition 
will occur in each case, the “ meso -positions of the anthracene portions being attacked 
preferentially, and the ease of addition decreasing in the sequence: | : 2-benznaphthacene, 
anthracene, 4: 5-benzchrysene, | : 2-benzanthracene, pentaphene, | : 2-3 : 4-dibenzanthracene 
1} 2-7: &<libenzanthracene, 1 : 2-5 : 6<libenzanthracene, the last two being of almost identical 
reactivity (calculations to a greater number of significant figures for P’ predict relative reaction 
rates of | : 1:07 for these two compounds) so that the actual relative reactivities will probably be 
more dependent upon factors which are ignored in the present treatment for simplicity (¢.¢., 
entropy of activation). This sequence agrees with all available experimental facts 1: 2-Benz 


anthracene is more difficultly reactive than anthracene (Clar, Ber., 1932, 65, 519 Aromatische 
Kohlenwasserstofie,” p. 133), in sharp contrast to its isomer, naphthacene (see above). This is 
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Tapie II. 


“Molecule. 
Anthracene 


1: 2-Benzanthracene * 
1: 2-3: ¢Dibenzanthracene 


1: 2-5 : 6 Dibenzanthracene 
1 : 2-7: 8 Dibenzanthracene 
Pentaphene (2 : 3-6 : 7-dibenzphen- 


anthrene) 
1. 2-Benznaphthacene * 
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* The resonance energies of these compounds were computed by using an empirical method based 
upon the concept of “ annelation energy “ (in course of publication). 


an excellent example of the different effects of linear and angular annelation upon the resonance 
energy of a polycyclic hydrocarbon (the residual! molecule is the same for “ meso "-addition to 
these two hydrocarbons), and can be shown to be related to the difference in mobile order of the 
1: 2- and the 2: 3-bond in anthracene (results in course of publication). 1 : 2-6 : 6-Dibenz- 
anthracene reacts considerably less readily than anthracene with maleic anhydride (Cook, J., 
1931, 3273), and pentaphene adds two molecules of maleic anhydride at a much slower rate than 


a is in) is 


anthracene, at the positions predicted in Table 3 (Clar, Ber., 1931, 64, 2195). It will be observed 
that addition of one molecule of maleic anhydride to the 5 ; 14-positions of pentaphene results in 
a molecule of adduct which in the present treatment must be regarded as anthracene; thus the 
second addition occurs at the '‘ meso ‘'-positions in the anthracene system, which corresponds to 
the 8 : 13-positions in the pentaphene system, and so must be expected to take place more rapidly 
than the addition of the first molecule of dienophil. The experimental data for | : 2-benz- 
naphthacene, 4: 5-benzchrysene, and 1 : 2-3: 4-dibenzanthracene are also in excellent accord 
with the theory. Clar and Lombardi (ibid., 1932, 65, 1419) noted qualitatively that the order 
of reactivity is that predicted by the present theory. The relative rates deduced from differences 
in P” will be noticed to be 1,000,000 : 2,000: 1 but these are expected to be too great because 
complete localisation is assumed in the activated complex. This makes the calculated values 
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of P’ too great and the effect is not wholly cancelled when differences in P’ are considered. 
Hence when these are converted into kcals. with the conversion factor which is known (Dewar, 
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Trans. Faraday Soc., 1946, 42, 767) to give excellent values for resonance energies, the resultant 
differences in activation energy will necessarily be too great. The predicted relative rates are 
of course exponential functions of the activation-energy differences and so are very sensitive to 
the absolute magnitudes of the latter. This could be overcome by choosing a value for y 
which gives satisfactory relative rates, but in view of the approximations inherent in the present 
treatment it is unlikely that anything more reliable than the order of magnitude of relative rates 
could be estimated by this method. In this connection comparative measurements of the rates 
xf addition for some of the hydrocarbons listed in Table III would be valuable, and the case of 
1: 2-7: & and 1: 2-5: 6-dibenzanthracene is particularly interesting in view of the very slight 
difference (0°OO12y) in P’ for these two compounds (see above). 

The theoretical results for 1: 2-benznaphthacene, in addition to predicting the correct 
reactivity relative to the other related molecules, also lead to the correct conclusion about the 
position of addition. Thus of the two possible pairs of positions, shown in (IX), which are 
expected to be reactive on empirical grounds, it is 6: 11 which undergoes addition, as the present 
theory predicts. This could not have been predicted by the existing empirical principles 
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Perylene (VIII 3-924 204 SS 

*® The resonance energies of these molecules were computed from the empirical equations for the 
conjugation energies (Brown, Awst. J]. Ses. Res. A, 1949, 2 566; other results in course of 
publecation * RY’ for the residual molecule was calculated trom the empirical equation for the 
conjugation energy, ( * The conjugation energies, C and C’, were estimated for calculation of 
Rand FR * The resonance energics of the residual molecules, X,, R,’, were calculated from C and 
r * The value weed for the resonance energy of this molecule was that given by Syrkin and 
Diatkina ‘loc cot 


The para-localisation energy of some miscellaneous hydrocarbons are presented in Table IV 
From the critical values for P and 7” suggested above it would be expected that none of the 
molecules listed would add maleic anhydride. The experimental observations agree with this 
prediction in the case of dipheny! and pyrene (Arbuzov, Salmina, and Sharpshinskaya, Trans 
Butlerow Inst. Chem. Tech. Kazan, 1934, No. 2,9; Clar, Ber., 1936, 69, 1683) but at first sight the 
reaction reported for perylene (Clar, sbid., 1932, 65, 846) appears to form an exception to the 
present theory. However it is significant that the product isolated is not the adduct but the 
orresponding dehydrogenated compound. It seems likely that the factor which produces this 
product is an irreversible disturbance of the equilibrium between the adduct and its components 
and very much in favour of the components as judged by the value of P’) by oxidation by the 
solvent, nitrobenzene. Further weight is lent to this interpretation by Clar’s observation that 
no detectable reaction occurs in boiling xylene, and also that prolonged heating at the relatively 
high temperature of boiling nitrobenzene was required to obtain a satisfactory reaction. 

It may be remarked in passing that the lack of reactivity noted for some of the other molecules 
considered above may be due to the setting up of an unfavourable equilibrium just as much as 
due to a very ama!! rate constant because if the value of P or P” is a satisfactory criterion these 
two phenomena will run parallel (see above 

The above study of some 24 hydrocarbons shows that the proposed theory of the Diels-Alder 
reaction is completely satisfactory to the present extent of experimental knowledge. The 
empirical fact that molecules containing the anthracene skeleton are in general] reactive and the 
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more angular molecules unreactive is convincingly explained by the fact that the former can 
give rise to relatively stable residual molecules whereas the latter cannot. In addition the 
relative reactivities of reactive hydrocarbons can readily be interpreted ; indeed it is possible to 
interpret these relative reactivities in a general qualitative way, as will be described in a later 
paper of this series, 

Approximations and Neglected Factors.—-As mentioned above, variations in the entropy of 
activation are neglected if the present theory, variations in reaction rate being assumed to be due 
only to vanations in the potential energy of activation. Formation of the activated complex 
will presumably involve partial localisation of two of the x-electrons of the hydrocarbon, together 
with two of its carbon atoms, m and #, which are now linked to the dienophilic portion by incipient 
o-bonds. The energy of activation will include the energy of formation of the latter bonds 
together with energy changes accompanying any change in the spatial configuration of the 
hydrocarbon portion. The assumption has been made that any such contributions are approx- 
imately constant from molecule to molecule, and attention has then been focussed upon variation 
in the «-electron energy changes. 

As the atoms m and » are not completely localised in the transition state the residua! molecule 
wil] be more stable than has been assumed above by an amount equal to the conjugation energy 
of the various separate conjugated systems through atoms m and ». Qualitatively we might 
expect this conjugation energy to increase with increase in N, the number of separate systems 
comprising the residual molecule. Consequently if two pairs of positions have the same 
para-localisation energy we should expect the one with the greater N to be the more reactive. 

Another approximation involved in the present theory is the calculation of the para- 
localisation energy by an approximate method. However the systems involved are always 
neutral molecules and Dewar (Tvans. Faraday Soc., 1946, 42, 767) has shown that the molecular- 
orbital method gives very satisfactory resonance energies in such cases. It will be observed that 
the proposed theory applies equally well to the “ ionic ” mechanism favoured by Woodward 
(J. Amer. Chem. Soc., 1942, 64, 3058) for the diene synthesis. In the latter case we have merely to 
replace the assumption that a system of two isolated carbon atoms, cach carrying one n-electron, 
has an energy approximately constant from molecule to molecule, by the analogous assumption 
that a system of two isolated carbon atoms, one carrying two r-electrons, the other none, has the 
same property. For convenience the energy of either system may be assumed to be 2a to simplify 
the values of Pand P’. 

The para-localisation-energy concept has been applied to some other polycyclic hydrocarbons 
for which the experimental! investigation has not been made. These results and others for 
viny! and pheny! derivatives of aromatic hydrocarbons will be presented in Part II. 
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139. The Euphorbia Resins. Part 11]. The Epimerisation and 
Dehydration of Euphol. 


By Rares N. E. Bewnett and Frank L. Warren, 


Euphone is reduced with difficulty by aluminium epoenene to give epieuphol (hydro- 
genated to dshydroepiewphol), which is not identical with any of the known tetracyclic triterpene 
alcohols. Similar reduction of dihydroeuphone gave dihydroeuphol. Euphy!l toluene-p- 
sulphonate in boiling acetic acid or pyridine gave ewphatriene which was hydrogenated to euphene. 


In view of the isolation from the Euphorbia species of several isomeric tetracyclic triterpene 
alcohols, C,,H,,O, containing an isopropylidene group and an inactive double bond, it became 
of interest to prepare the hydrocarbon, ketone, and epimeric form of the principal constituent 
euphol for comparison purposes. Whilst this work was in progress, Roth and Jeger (Helv 
Chim. Acta, 1949, 32, 1625) reported the dehydrogenation of eupho! and dihydroeuphol to 
euphone and dihydroeuphone, respectively, which have properties in agreement with our 
findings. We have observed, however, that these dehydrogenations are effected in higher 
yields with copper oxide (cf. Diels and Abderhalden, Ber., 1904, 37, 3099) than with precipitated 
copper. Euphone is not an af-unsaturated ketone since the light-extinction curve which 
SHOWS Pena, 210 my. (log te¢ 3°7) aNd Aggge 205 my. (log c,.,, 1°4) is identical in the ultra-violet 
with that of eupbyl acetate. Dutta and Karimulla (J. Sei. Ind. Res. India, 1944, 8, 212) 
report that the dried latex from E. tirucalli yielded a ketone, C,,H yO. We have failed to 
zz 
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isolate a ketone from the fresh latex (cf. Haines and Warren, J., 1949, 2654), and this ketone is 
probably formed during the drying, for the Euphorbia latices readily give positive tests for 
indirect oxidases. This ketone is certainly identical with euphone (see table below), the formula 
for which follows from the rigid establishment of euphol as C,,H,,O by McDonald, Warren, and 
Williams (/.. 1940, 5 155) 


Dutta and Karimuila. 


b M.p 
Euphone CyH OO 1i7--118" §=6C,, HO i119” 

Euphoxime Colt ON 192 193 Oxune 194—195 
Dihydroeupboxime Cel, ON 206-206 Tetrahydro( ?)-oxime ; 207—208 


Catalytic reduction of euphone in the presence of Adams's catalyst at atmospheric pressure 
gave dihydroeuphone as reported by Koth and Jeger (loc. cst.), but under pressure dihydroeuphol 
was obtained. Attempts to reduce euphone by the Meerwein-Pondorfi-Veriey reaction, using 
the standard procedure of refluxing with isopropyl! alcohol as solvent, gave, even after prolonged 
treatment, pure cuphone in quantitative yield. By carrying out the reaction in toluene (ci. 
Bachmann and Struve, /. Org. Chem., 1939, 4, 461) or in tsobutanol (cf. Malcom and Read, J., 
1939, 1037) it was possible to obtain small quantities of epieuphol, C,,H,,O, m. p. 125°, (a)? 
+ 22°06", yielding an acefate, m. p. 112—113°, (a)? —66 The small quantity of epreuphol was 
readily cluted from a column of alumina and the residual product, which was more strongly 
adsorbed, gave no pure substance The difficulty of reducing euphone by the Meerwein 
Pondortl-Verley reaction may be attributed to the keto-group's being sterically hindered, and 
is interesting in the hght of the statement made by Newbold and Spring (/., 1944, 250) that 
* the ease with which euphol is washed from alumina with light petroleum is remarkable and 
this property is probably of constitutional significance.” 

Catalytic reduction of epreuphyl acetate at atmospheric pressure in the presence of Adams's 
catalyst gave an acetate, m. p. 108-—110°, which showed no depression when mixed with starting 
material (it was at first thought that the dihydro-compound had not been formed). Reduction 
of epieuphol under pressure gave dihydroepiewphol, C,,H,,O, m. p. 128-—129", (a)P + 33°9°, 
which showed a decided depression when mixed with eprcuphol. It yielded an acetate, C,,H,,O,, 
m. p. 111°, (a)? —61-2", which, when mixed with epieuphyl acetate, m. p. 112—113°, was 
depressed only to 108-110 Attempts to obtain dihydroepieuphol by the reduction of 
lihydroeuphone with aluminium tsopropoxide or with sodium and ssepropy! alcohol gave only 
lihydroeuphol as the isolable product 

It is of interest that attempts to epumerise euphol by boiling euphyl loluene-p-sulphonate with 
ncetic acid (cf. Plattner and Purst, Hele. Chim. Acta, 1943, 26, 2266) gave cuphatriene, which was 
also obtained by boiling the toluenesulphonate with pyridine. This euphatriene was hydro- 
genated catalytically to eupbene having physical properties identical with those reported by 
Roth and Jeger (loc. est.) for euphene obtained by Wolff-Kishner reduction of euphone. 


EXPERIMENTA! 
Microanalyses were by Drs. Weiler and Strauss, Oxford. All m. p.s are uncorrected 

huphon #) Euphol (2 g.) and dry, freshly precipitated copper (4 g.) were heated at 330-—340° for 
12 minutes, and the product listilled at 180--240°/5 mm. to give a glassy solid Crystallisation from 
vethanol-acetone and finally from ethanol gave euphone as stout needles, m. p. 117-—118", (a + 78-2" 
1 in chloroform) (Pound: C, 64-45; H, 110. Cale. for CLH,,O: C, 848; H, 11-4% Roth and 
Jewer (Joc. of.) give m. p 119—i120", [alP +69 Euphone cxwme crystallised from ethanol in colourless 
plates, m P 192.193", (a) ff + 7-6" (¢, | in chloroform) (Found: C, 820; H, 110. C,,H,,ON requires 

¢. 410; HL 112%, 

Euphol was heated to 300° for 15 minutes in an atmosphere of carbon dioxide, and copper 
onkde (04 led slowly The product in light petroleum (b. p. 50-—-70") was chromatographed 
through alumir 25 « Light petroleum (250 ml.) eluted a solid which was crystallised as above to 
give | 4 ¢. of pure euphone This method was preferred to method (@ 

Dr hvdroeu phone s) Dihydroeuphol, oxidised with copper oxide as above and crystallised from 
ethanol, gave dihydroeaphone, m. p. 64 Roth and Jeger (Joc. cat.) give m. p. 68 lnhydroeuphone 
come crystallised trom ethanol in colourless pearly plates, m. p. 205-206", (« P +3° (c, | in chloroform) 
Found: C, 82-2; H, 11-45; N, 32 Cyl, ,ON requires C, 81 7; HL, 116; N,3 2%) (0) Catalytic 
hydrogenation of euphone gave dihydroeuphone identical with the above 
ln bvdroceuph #) Ruphone (i « hydrogenated with Adams's catalyst at 50 atm. pressure, gave 
quantitatively dihydroeuphol, m. p. 117-—118°, undepressed with authentic specimen. (6) Dihydro- 
euphone (1 ¢.) was tre ated with alaminrum tsopropoxnde in toluene as described below for the preparation 
of epreapho!. Chromatographic analysis of the product in ether and two crystallisations from methanol 
gave only dihydroeuphol, as felted needles, mp 120---121°, undepressed on admixture with an authentic 
specimen (c}) Dihydroewphone (250 mg } and tsepropy! alcoho! (38 ml _) were refluxed with sodium | 1-25.) 
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for 1 howr, The solution was into water and extracted with ether, and the ethereal extract 

washed with water and dried. ethereal solution gave a gum which was treated with acetic anh 

(3 ml.) and pyridine (1-6 ml.) and worked up im the usual way. The product, twice from 

methanol, gave dihydroeuphy! acetate, m. p. 122-—124°, undepressed on admixture with an authentic 
amen 

Pr piBuphel.—{a) Euphone (1 g.), freshly distilled aluminium (2 «.), and isobu oa 

(20 mi.) were refluxed in an oil-bath at 160°. After each hour alcobol! (10 ml.) was 

10 mi. were allowed to distil off. After 6 such operations @ further quantity of aluminium tsopre 

(4 @.) was added to replace loss and hasten the reaction. The prodect was steam-distilled on 

acidifed with dilute sulphuric acid, and the dried ethereal extract was chromatographed through alumina 

(20 x 2cm.). The first 180 ml ete mnt why m. p. 117-119", which, crystallised twice from 

acetone and twice from methanol, nannies Se felted needles, m. p. 125°, (« Le yi 0-9 in 

chloroform) (Found : ae 4: H, “ibe. Cool ires C, 84-45; H, 119%) {eS 

euphol, m. p. 116", and dihydroeuphol, m. PE 20181 s, gave depressions to 8894" and 

respectively. Further el of the col | thee m. p. ca. 50-—-70°, from which a pere component 

could not be isolated 


(b) fort hours Absolute uopropyl aicobel wos added and toluene (20 ml.) were refluxed in an 
oil-bath for 4 hours. Absolute é distilled off. The ethereal extract 
pn 6 auld cada cans Gienabeat in tite ae chromatographed through alumina (22 x 2cm.). The 
rst 100 ml. of ether eluted a solid (200 }), m. p. 117—120", which gave as above epieuphol. Light 
— ved less wens ne for the togram. 
yl Acetate.—efiEuphol (300 mg.), acetic anhydride (9 ml), and pyridine (2 ml.) were heated 
at 100° eo 4hours. The solid product was dissolved in chloroform, and the solvent gradually replaced 
by methanol, from which epiewphyi acetate crystallised on cooling in highly refractive plates, m 1}2- 
a [ali —66° (¢, 0-95 in chloroform), unchanged by further crystallisation (Found : C, 820; H, 11-2 
Coal O, requires C, 82-0; H, 11-2% 
oepieuphol —(a) epiEuphyl acetate (250 mg.) in ethyl acetate (12 ml.) and glacial acetic acid 
3 al ) was reduced in the presence 9) latinic oxide (30 mg.). Absorption of hyd (11-0 mi, at 
..T.P. Cale. for CyH,,O,: | mol. « 11-2 ml.) was complete after 10 hours. The product crystallised 
from methanol in aw m. p. toe 110", showing no depression when mixed with leds | acetate. 
(6) epiEupho! (250 mg.) in ethanol (100 mal} was hydrogenated in the presence o tinie oxide 
(300 mg.) at 80 atm. pressure for 6 hours. The act ised from methanol to give 
euphol as felted needles, m. p. 128-——129°, (a)f? +33-0° (c, 0-73 in chloroform) (Found ; C, 641; 
Cyl sO requires C, 84-05; H, 122%). A mixture with epieuphol had m. p. 108—110". : 
in the presence of pyridine and crystallisation of =. uct from methanol gave ri 
actiate as highly refractive plates, m. p. 111°, (a) {¢, 0-97 in chloroform) (Found: C, 81-8 
11-6. C,,H,,O, requires C, 81-6; H, 11-56%) > p. of a mixture with epieuphyl acetate, m Pp 
112—113°, was 108-110". 
Oxidation of epiEuphol.epiE uphol (250 mg.) was heated with copper oxide (60 mg.) at 300° for 
10 minutes in an atmosphere of carbon dioxide. The prodact was chromatographed through alamina 
(10 g.) with light petroleum to yield a solid which crystallised from ethanol as needles, m. p. 115—116*, 
—— no depression when mixed with euphone 
hyd ye pe —Euphol (5 g., 1 mol), ine (50 mil.), and tok f-sulph 
Pe. e (Sg. 2 ) were allowed to react at 20° for 16 hours, and then poured into water. Te 
ethereal extract, washed with dilute hydrochloric acid and dried, was chromatographed through alumina 
(30 ¢.). Crystallisation from acetone-water and twice from por Rave euphyl loluene-p- sulphonate 
as icited needles, m. p. 103-5—-104-5" (Found : C, 76-3; H, @7 H,,0,5 requires C, 76-6; H, 6-66%) 
Euphatrniene. —Euphyl toluene p-sulphonate (6 g.), dry calcium carbonate (6 ¢), and 
pyridine (50 ml.) were refluxed for 2 hours under anhydrous conditions. The product was poured into 
water, and the ethereal extract, washed with acid, gave an oil. One chromatographic separation 
through alumina gave 4 solid which still contained a trace of sulphur. The product was hydrolysed 
with alcoholic potash and rechromatographed with ether as solvent. The oily solid was crystallised 
four times from acetone to give ewphatriens as stout, long, colourless needles, m. p. 116-117", (e) 
+115-8° (c, 1 in chloroform) (Found : C, 88-2; H, 11-6; Found, after sublimation: C, 88-3; H, 11- 
CygH ys requires C, 2; H, 11-86%) 
Euphene.—Euphatriene (300 mg.) in ethyl acetate-acetic acid (1: 1; 250 ml.) was hydrogenated in 
we presence of Adams's catalyst. The product crystallised from acetone to five euphene as needles, 
5860", [a)ff +37-6° (c, 1-03 in chloroform) (Found : C, 876; H, 124. Cale. for C,H, : C, 87-3; 
i les. 7 %), unc hanged by hydrogenation under pressure. Roth and Jeger (Joc. cit..) give m. p. 60-6—61", 
(ap +34. 
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140. The Senecio Alkaloids, Part VI. The Isomerisation of Senecic 
Acid to trans-Senecic (Integerrinecic) Acid, and the General Structure 
of the * Necie”™ Acids. 


By Mever Kaorman and Fuanx L. Warren. 


The lactone obtained from senecic acid is hydrolysed to give rans-senecic acid which is 
identical with iategerrinecic acid, obtained by Manske by hydrolysis of integerrimine. The 
structural change is proved to involve geometrical isomerism 

The geometrical isomeriom of senecic and integerrinecic acids parallels that found for 
isatinecic (cie-hydroxysenecikc) and retromecic (frens-hydroxysenccic) acids. A general 
formula for these “ necic acids is advanced and represents a class of a with a 
new irregular isoprene chain. The identity of integerrimine and squalidine is indicated. 


Tue structure of senecic acid has been advanced previously by us (J., 1949, 2852), and we 
have now prepared its geometrical isomeride. The lactone, m. p. 156°, obtained from senecic 
acid (cf. Richardson and Warren, ]., 1942, 452) was boiled with sodium hydroxide to open the 
lactone ring and then acidified to give trans-senecic acid, m. p. 150°. When this was mixed with 
a specimen of integerrinecic acid, m. p. 160°, kindly sent to us by Dr. R. H. F. Manske (Cavad. J. 
Res., 1939, 17, 8) the melting-point was unchanged, but when it was mixed with senecic acid, 
m. p. 147°, the melting-point was depressed to 126°. The lactone obtained from frans-senecic 
acid was found to be identical with that from senecic acid. Since both acids give the sam« 
lactone and the trans-acid is regenerated from it the previously reported senecic acid lactone 
is actually frans-senecic (integerrinecic) acid lactone 

trans-Senecic acid was smoothly reduced catalytically to an oily acid which was converted 
into bis-p-phenylphenacyl dihydrointegerrinecate, m. p. 98°, which was identical with the bis-p 
phenylphenacyl ester prepared from dihydrosenecic acid. The isomerism involved in the 
formation of integerrinecic acid must therefore involve the double bond. That the ethylenic 
linkage had not moved was proved by ozonolysis of trans-senecic acid, whereby acetaldehyde 
identified as the octahydroxanthen derivative, was obtained. 

Since senecic acid has the lower melting point and is the less stable form, senecic and 
integerrinecic acids are assigned cis- and frans-configurations, respectively, corresponding to 
isatinecte and retronecic acids (cf. Christie, Kropman, Novellie, and Warren, ]., 1949, 1703; 
Kropman and Warren, Joc. cit.) 

The ultra-violet extinction curve for trans-senecic acid showed a maximum in accordance 
with the «$-unsaturated carboxylic grouping. The maxima observed for css- (cf. Kropman and 
Warren, loc. cst.) and trans-senecic acid are of interest when compared with those for isatinecic 
and retronecic (frans-isatinecic) acids (cf. Christie, Kropman, Leisegang, and Warren, ]., 1949, 
1700), and may be of significance in assigning geometrical configuration when only one form of 
ther “ necic " acids has been isolated 

ots- Acids tran cids 
Sues: Nenaee Ups. Cones. 
Senec i , 4ite Integerrinec: 218 9333 
laatiner kx dew Retronec 218 S40 
4720 
The four “ necic * acids whose constitutions have been determined conclusively may now be 
represented as cis- (1) and frens- (11) forms of a general formula with relationships as shown 
bee low 
Me 
COW 
I 
Senecic ackd, m. p. 147 Integerrinecic acid, m. p. 150 
It Isatinecic acid, m. p. 148-6 Retronecic acid, m. p. 181 
Where RK CH XC(OW) (COV) CHMeCH, am Hh Tb and Ilb: X OH) 


Confirmation of this concept is afforded by isolation by Konovalova and Danilova 
]. Gen, Chem. Russia, 1948, 18, 1198) of seneciphyliic acid, m. p. 144-145", and tsoseneciphyliic 
acid, m. p. 105—108", by hydrolysis of seneciphylline with alcoholic and aqueous alkali, 
reapectively The two acids are reported as geometrical isomers and the tso-acid is the less 
stable form. On our nomenclature the tso-acid is cis-seneciphyllic acid (type I) and the 
seneciphyllic acid has the (rans-configuration (type I Therefore it is the as-form in which 
the acid occurs in the alkaloid, and the f#raens-acid is formed by isomerisation with alcoholic 
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alkali or hydrochloric acid. The conditions which permit this isomerisation are those which 
efiect lactone formation when this is possible. The isolation of the lactones of trens-senecic 
and retronecic acid from cis-senecic and isatinecic acid, respectively, is readily understood 
(cf. Christie, Kropman, Leisegang, and Warren, loc. cit.). 

Schinz and Bourquin (Helv. Chim. Acta, 1946, 25, 1599) formulated nine irregular, as 
contrasted with the regular (111), isoprene chains for the monoterpenes. Two only were known 
in Nature, namely (IV), represented by artemisia ketone, and (V), by lavandulol. The “ necic ” 
acids of known constitution represent a new class of monoterpenes with one (V1) of the remaining 
irregular chains. 


ccc; | tee 


(iN 


‘. 

¢ €(CO4H) x 4 
CCiE-c-—e <(CO WN) << 
re 
(vu 


(vt) A 

It is of significance that senecioic (2-methylprop-l-ene-l-carboxylic) acid possesses the 
isopentane unit, and it is not improbable that all the “ necic " acids possess the same carbon 
skeleton (VI). It may be of importance in considering biological synthesis that the two 
carboxylic groups appear in the butane units at the C,,. and C,,, atoms (VII) which are the 
positions normally occupied by methy! groups in the terpenes. 

Manske (loc. cit.) found that integerrimine, C,,H,,O,N, m. p. 172--172°5°, was hydrolysed 
to retronecine and integerrinecic acid, whilst Barger and Blackie (/., 1939, 743) record that 
hydrolysis of squalidine, C,,H,,O,N, m. p. 169°, gives retronecine and squalinecic acid, 
Squalinecic acid, m. p. 129°, was twice distilled, and was crystallised by inoculation with senecic 
acid but was not obtained pure. It contained three C-alky! groups and the recorded analysis for 
carbon and hydrogen would indicate that “ squalinecic” acid was a mixture of an acid, 
C,,H,,O,, and its lactone, C,gH,,O,. Furthermore a mixed melting-point determination on 
integerrinecic acid and its lactone carried out by us showed a melting point of 128°. It would 
seem to us that integerrimine is identical with squalidine, and in this connection it is of interest 
that both these alkaloids have only been found in smal! quantities associated with senecionine. 
A close relationship between Senecio alkaloids found together in the plant has been demonstrated 
previously (cf. Richardson and Warren, J., 1943, 452; Christie ef ai., loc. cit.). 

Senecionine and integerrimine (squalidine) may now be formulated as cts- and trans-senecic 
esters of retronecine. Integerrimine is the first Senecio alkaloid in which the acid moiety has 
been found to occur in the tvans-form, and may have been formed during isolation. 


EXPERIMENTAL. 
Micro-analyses by Drs. Weiler and Strauss, Oxford. 


Senecic Acid —Rosmarinine (7 g.), hydrated barium hydroxide (9-8 ¢), and water (140 mi.) were 
heated under reflux for | hour. Carbon dioxide was passed through the hot solution, which was then 
filtered and the filtrate made acid to Congo-red with 5n-hydrochloric acid. Exhaustive extraction of 
the acid solution with ether gave the crude acid (4-2 g., 0-08 mol.) which, recrystallised from ethy! acetate, 
gave needles of senecic acid, m. p. 147° (uncorr.). Bis Pphenyiphenacy! senecate separated from ethanol as 
a white amorphous solid, m. p. 100-—101° (Found: C H, 6-1 Cag, .O, requires C, 75-5; H, 6-0%). 

trans-Senecic Acid. —The lactone, m. p. 154° (Found: ph , 194-4. Cale. for C ptt, : equiv, 198), 
(150 mg.) prepared from senecic acid, was heated for | hour on a water-bath with 2-6n-sodium hydroxide 
(10 mi). On cooling, the solution was acidified to Congo-red with Snx-hydrochioric acid and extracted 
with ether. The ethereal solution gave a white solid which, after three crystallisations from water, 
gave trans-senccic acid as clusters ¢ needles, m. p. 150°, (a) ca. + 18° (c, 1-7 in ethanol) (Found: C, 
55-9; H, 75%; equiv., 1122. C,H,,O, requires C, 56-6; H, 74%; equiv., 108). The melting 
point was undepressed when the trans- acid was mixed with integerrinecic acid whereas a mixture of 
‘senecic and trans-senecic acids had a melting point 128°. Bis-p-phenyiphenacyl trans-senccate 
(integerrinecate) separated from ethanol as an amorphous white solid, m. p. 144-—145° (Found: C, 
760; H, 60. C,,H,,O, requires C, 75-5; H, 60%) 

trans-Senecic Acid Lactone.—trans-Senecic acid (30 mg.) was treated several times with dilute hydro- 
chioric acid and the hydrochloric acid evaporated each time. The uct when recrystallised from 
ethyl acetate gave frans-senecic acid lactone, m. p. 152-—154", u on admixture with the 
lactone from senecic acid. 

Hydrogenation of Senecic and trans-Senecic Acids. —Senecic ae ee 28) wee bees ted in the 
presence of platinic oxide to yield the dihydrosenecic acid. Bis- thydrosemecate 
separated from ethanol as a white a solid, m. p. 08° (Found : Nes CyH,,.0, 
requires C, 75-3; H, 63%). Catalytic hydrogenation of trans-senecic acid (50 mg.) gave a colourtess 
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Fe er a ee ane NT eh ate, ep 
whes mixed with the corresponding ester of dthydrosenecec acad 

14 —trems- Senecic acid (250 mg.) wee dissolved in dry ethy! acetate and « stream of dry 
osone passed through at 0" for § hour. The viscous, yellow ngent ozonide was treated with water 
and warmed in 4 stream of carbon dicoside. The issuing ace hyde was passed into water and treated 
with dimeton, a am cheat too was obtained which, when heated under reflux with one drop of 
hydrochloric acid in 60° (4 wi.) and cooled, gave flat crystals, m. p. 175—176", andepressed 
on mixing with the octahydruzanthen derivative of acetaldehyde 


The authors thank the South African Council for Scientific and Industrial Research for a bursary 
to one of them (M, K.) and a grant for equipment, and Mr. E. C. Leisegang of these laboratories for 
the determination of the extinction curves 
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141. The Senecio Alkaloids. Part VII. The Structure of 
Retrorsine and Isatidine; The Ester Growpings. 


By Eeanest C. Leisecanc and Frank L. Warren. 


Isatidine is redeced to retronecany! dibydroisatinecate (dihydroretronecate) (11) which 
with lead tetra-acetate in aqueous acetic acid gives one mole of carbon dioxide. Thus in 
isatidine (retrorsine N-oxide) and retrorsine (I), the 2-carboxylic group of cis-1 - 2-dihydroxy 
3-methythept-5-ene-2 : 5-dicarbomxylic acid (isatinecic acid) is esterified by the hydroxymethy! 
group of isatinecine and retronecine, respectively. The structure of similar Senecio alkaloids 
1s indicated 


Isattoin~e is the ester of isatinecine, which Leisegang and Warren (J., 1949, 486) showed to 
be retronecine N-oxide, with isatinecic acid, which Christie, Kropman, Novellie, and Warren 
(J.. 1949, 1703) gave as cis-1 : 2-dibydroxy-3-methylhept-5-cne-2 ; 5-dicarboxylic acid. The 
general structure of isatidine is in conformity with de Waal's observation (Onderstepoort J. Vet 
Sei. Animal Husb., 1940, 14, 445) that catalytic reduction gave octahydroanhydroisatidin« 
formulated as the dihydroisoatinecic (dihydroretronecic) ester of retronecanol by Christie, 
Kropman, Leisegang. and Warren (/., 1949, 1700). We have now confirmed the structure of 
this reduction product by its hydrolysis to retronecanol, characterised as its picrate, and 
dihydroisatinecic acid, identified as its p-phenylphenacy! ester. Hydrogenolysis occurs at the 
carboxy! group esterified by the hydroxymethy! grouping of isatinecine. 

To determine the orientation of the acid in isatidine we treated the reduced isatidine with 
lead tetra-acetate in acetic acid containing a smal) quantity of water. Carbon dioxide was 
immediately evolved as would be expected if the 2-carboxylic grouping were not esterified. 
The evolution of gas did not take place in anhydrous solvents; but the addition of a little water 
started the reaction so that the lead tetra-acetate caused fission of the glycol grouping to leave a 
keto-acid which was attacked by the reagent only in the presence of hydroxy!-forming compounds 
(ef. Baer, J. Amer. Chem. Soe., 1940, 68, 1597 Since the quantity of carbon dioxide which 
dissolves in glacial acetic acid is large and varies considerably with the partial pressure of the 
gas (cf. Just, Z. paysital. Chem, 1901, 37, 342), the acetic acid was saturated and the reaction 
vessel filled with carbon dioxide before mixing the reagents. Only when the importance of 
this was pointed owt by Dr. H. A. E. Mackenzie of these laboratories were we able to obtain 
quantitative yields of carbon dioxide No evolution of gas was observed on treating either 
isaticine or retrosine with lead tetra-acetate under similar conditions 

he reduction of isatidine gave an oily product and hydrolysis of the alkaloid might have 
occurred during hydrogenatior Continuous ether extraction of the reduction product in 
hydrochioric acid gave, however, a negligible residue. On the other hand, previous hydrolysis 
of the reduced isatidine with barium hydroxide followed by continuous ether extraction of the 
acidified product for the same time gave an 80% yield of dihydroisatinecic acid 


Mei 

cot-CH, CHM CHOU —» CO,RCHEtCHyCHMeC(OH)(COM)CHYOH (I 
7) | PRYOAc), 

= ’ 
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These results lead to the structure of retromecanyl dihydroisatinecate (dihydroretronecate) 
(11) and hence to retrorsine (I) and isatidine, which Christie, Kropman, Leisegang, and Warren 
Ulec. cit.) showed to be retrorsine N-oxide. 

The “ necine ” bases so far investigated may be formulated as derivatives of retronecine, 
¢.g. platynecine (dihydroretronecine) (Adams and Rogers, ]. Amer. Chem. Soc., 1941, 63, 228) 
and rosmarinecine (hydroxydihydroretronecine) (Richardson and Warren, J., 1942, 452). In 
view of the structural similarity of senecic and integerrinecic (¢rans-senecic) acids with isatinecic 
(hydroxysenecic) and retronecic (irans-hydroxysenecic) acids, respectively (Christie, Kropman, 
Novellie, and Warren, joc. cit.; Kropman and Warren, /., 1949, 2852), the orientation of 
these acids in the complete alkaloids (shown below as derivatives of retronecine and senecic 
acid) is probably similar. 


Senecionine ¢ retronecine 4+ senecic acid. 

Integerrimine * retronecine + trans-senecic acid 
Platyphylline *4 ~ dihydroretronecine + senecic acid. 
Rosmarinine ¢ « hydroxydihydroretronecine + senecic acid 


* Barger and Blackie, /., 1936, 743; * Manske, Canad. J. Res., 1939, 17, 1; * Orekhow and 
Tiedebel, Ber, 1935, 68, 650; with Konovalowa, ibid, 1186; 4 de Waal and Tiedt, Ondersiepoort 
]. Vet. Sei. Animal Husb., 1940, 1§, 251; Richardson and Warren (Joc. cit). 


EXPERIMENTAL. 


Retronecanyl Dihydrotsatinecate (Dihydroretronecate).-—Isatidine (4-70 g., | mol.) in 0-47x-sulpharic 
acid (50 ml., 4 mols.) and Adams’s catalyst (130 mg.) were shaken with hydrogen at room temperature 
and 20 atmospheres pressure for 6 hours. The filtered solution was treated with just sufficient 0-4n- 
barium hydroxide to precipitate the sulphuric acid, and the filtered solution was evaporated under 
reduced pressure giving retronecany! dihydroisatinecate as a clear oi] which did not crystallise when 
kept. This product (1-01 g., | mol.) was boiled with bariam hydroxide octabydrate (1-07 g., 1-2 mols.) 
in water (20 ml.) for } hour, cooled, acidified with hydrochloric acid, and extracted with ether for 
6 hours. The ethereal extract gave dihydroisatinecic acid (530 mg., 0-8 mol.), which was characterised 
as its p-phenyiphenacy!l ester, m. p. 124-——127", undepressed when mixed with an authentic specimen 
(Christie of ai, /., 1949, 1700). The aqueous solution gave retronecanyl picrate, m. p. 205-207" (Barger 
et ai., J., 1935, 11, give m. p. 208°) 

Retronecany! dihydroisatinecate was acidified with hydrochloric acid and extracted under similar 
conditions. The ether extract gave a negligible residue. 

Action of Lead Tetra-acetate on Retronecanyl Dibydrotsatinecate.—Giacial acetic acid (10 mil.) was 
placed in a flask connected to a gas burette containing brine, and dry carbon dioxide swept through to 
saturate the acetic acid and to displace all the air. An excess of lead tetra-acetate was added and then 
retronecany! dihydroisatinecate (280 mg., | mol.). No reaction was observed. Without opening the 
apparatus a smal! quantity of water was squirted into the mixture whereupon carbon dioxide was evolved 
(observed: 183 ml. at N.T.P. Cale. for C,,H,,O,N: 18-7 mil.). Isatidine under similar conditions 
gave no carbon dioxide during 12 hours 


The authors gratefully acknowledge an equipment grant from the South African Council for Scientific 
and Industrial Research 
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142. Some Heterocyclic N-Oxvides. 


By P. Mamauis and V. Perrow. 


Although the preparation of a N-ostdes has been accomplished, attempts 


to obtain the ‘ N-oxide " analogue of Dimidium bromide (II) have proved unsuccessful 

By the action of phosphorus oxychloride on 9-phenylphenanthridine N-oxide, 3-chloro-®- 
phenylphenanthridine has been obtained. 9% Methylphenanthridime N-oxide similarly gave 
%-chloromethy!phenanthridine together with what was probably a 3-chloro-0-methylphen- 
anthridine 


In 1041 McIlwain (Nature, 148, 628) reported that iodinin, the pigment of Chromobacterium 
iodinum, showed marked antibacterial action on a number of organisms. Chemical work on 
its structure revealed that the compound was a dihydroxyphenazine di-N-oxide, a result which 
led McIlwain (J., 1943, 322) to the synthesis of a number of phenazine and quinoxaline di-N- 
oxides which showed varying degrees of antibacterial action. In 1943 White and Hill (/. Baet., 
1943, 45, 433) reported the isolation of the antibiotic “ aspergillic acid " which possessed an 
antibacterial range greater than that of penicillin (see Glister, Nature, 1941, 1486, 470) and 
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proved to be a hydroxypyrazine N-oxide (sce Newbold and Spring, J., 1047, 372). The 
existence of N-oxide residues in at least two naturally occuring antibacterial agents appeared 
significant, particularly as the corresponding “ deoxido ‘-compounds were without biological 
interest. We therefore undertook the preparation of some phenanthridine N-oxides (Ia) for 
study as antibacterial agents and, as N-oxides bear an electronic resemblance to quaternary 
salt (¢g.. 11), for examination as trypanccides. In particular, we wished to prepare the 
" N-oxide “ analogue of the effective trypanocide, Dimidiom bromide (11) (see Walls, /., 1045, 
204). Some new quinoline and guinosaline N-oxides were also prepared, as we required a range 
of compounds which could function as mild oxidising agents for chemotherapeutic studies 
employing the anaerotne organiam Entamoeba histolytica 


Conversion of phenanthridine itself, and of its 9-methy! and 9-ethy! derivatives, into the 
corresponding N-oxides was smoothly achieved by employing perphthalic acid. Peracetic 
acid, however, proved to be the reagent of choice for the preparation of the 9-arylphenanthridine 
N -onides, which generally differed {rom their 9-alky! analogues in failing to liberate iodine from 
potassium iodide ander the experimental! conditions specified by Mcliwain (/., 1943, 342) for 
this test 

The mononitrophenylphenanthridines were converted into their N-ostdes with somewhat 
greater difficulty and required longer reaction periods with peracetic acid This result is 
probably due to the electron-attracting effect of the nitro-group on the free electron pair present 
on the ring nitrogen and available for oxide formation. Similar difficulties were experienced 
with the dinitrophenylphenanthndines. Although 3-nitro-9- p-nitrophenyl phenanthridine N-oxide 
was obtained from the corresponding dinitro-compound in low yield, all attempts to prepare 
2: 7 -<dinitro-?-phenylphenanthridine N-oxide for conversion into the Dimidium bromide 
analogue were unsuccessful 

Reduction of the nitro-?phenylphenanthridine N-oxides with stannous chloride in hydro 
chiorc acid solution furnished the corresponding amino-9-phenylphenantaridine N-oxides 
Reduction of 3-nitro-9-p-nitrophenylphenanthridine N-oxide, on the other hand, invariably 
resulted in loss of the oxido-grouping and formation of 3-amino-9-p-aminophenylphenanthnidine 
Limited success attended efforts at the direct oxidation of 3-diacetylamino-9-p-diacetylamino 
phenylphenantaridine, wherein the corresponding N-oride was obtained in very low yield 
Attempts to extend this feaction to 7 -diacetylamin sacetylaminophenyl-, 2:7 
bisdiacetylamino- ¥-pheny! and 2: 7«hicarbethoxvamino-9- pheny!-phenanthndine 
unsuccessful, however, and further work on the “* N-oxide ' 
was abandoned 

0-4 - PyridylPhenantAridine prepared by mng closure { 2: 4’-picolinam: lod: Phe i, tormed 
a homogeneous moneside on treatment with I'l equivalents of perphthalx The 
constitution of a @-4°-pyridyiPphenantaAridine | vide has been assigned t t mpound trom 
analogy with related work on the monoquaternation of 9-3'-pyridy!phenanthridine (Petrow 
and Wragg, /.. 1947, 1410) and on general theoretical grounds Reaction with excess of 
perphthalic acid led to the formation of the corresponding dioxide Attempts to convert 

o-2-furyl)phenanthridine into its oxide were unsuccessful 

reaction of phenanthridine N-oxide with phosphorus oxychloride followed the pattern 
established for similar compounds (see, ¢g., Baxter, Newbold, and Spring, /., 1948, 1859), 
¥-chlorophenanthridine being formed When 8-phenyiphenanthridine N-oxide was treated in 
the same way, however, a cA/oro-}-phenylphenanihnidine was obtained, identical with authentic 
3-cAlore-¥-phenyiphenanihanidine prepared by the Sandmeyer reaction from the corresponding 
amino-compound, When %methylphenanthridine N-oxide was treated with phosphorus 
oxychloride, two halogenated products were obtained. One of these was identified with 
9-chiwomethyiphenanthridine previously described by Morgan and Walls (/., 1931, 2447 The 
other product has, by analogy with its pheny! analogue, been assigned the constitution of a 
3-<Alovo-9-methyiphenanthridi ne 





[1950) Mamalis and Petrow: Some Heterocyclic N-Oxides. 705 


EXPERIMENTAL. 


(M. ps are ancorrected. Microanalyses are by the Analytical Department, The British Drug Houses 
Ltd., and by Drs. Weiler and Straus, Oxford.) 

Substituted 2-Benzamsidodiphenyls.—The acid chloride (0-1 mol.) (prepared from the acid and thiony! 
chloride) was added in portions to a solution of 2-amimodipheny! (0-1 mol.) in ine (15-—20 mi.), and 
the mixture heated on the steam-bath for 2 hours to compiete the reaction dition of dilute hydro- 
chiorve acid ee sipitated the amide as a solid, which was collected, washed, and crystallised 
trom alcohol or ale -light petroleum. Occasionally, preliminary vacuum-distillation was required 
before the amide could be obtained as a solid. The compounds listed in Table | were thus prepared 
The yields are based on the acid used 

5-Carbethoryamino-2 acetamidedipheny!, by reduction of 5-nitro-2-acetamidodiphenyl 
followed by carbethoxyiation, formed smal! ream needies, m. p. 127-128" (77%) (Found. C, 
684: H. 60. C,,H,,O,N, requires C, 68-4; H, 61%), from benzene-light petroleum 

Seta an tab 181" el, Wale Jk Eran as for the foregoing compound, formed (91%) silvery 
leaflets, m. p. 160-161" (cf. Wal 67) 

2-Nutro-4 rcdibonsassidiediphonst —2-Nitrobenzidine (23-6 g.) in warm pyridine (30 ml.) was treated 
— benzoy! chloride (30 g.) in portions. After 30 minutes on the water-bath the product was isolated 

purthed —- idine-light petroleum, to give pale yellow prisms, m. p. 200-291" (Pound: C, 

7 7; me. 45 Ht .OuNe requires C, 71-4; H, 44%), in nearly quantitative yield 
2-Amaino-4 rt  dibensamide sphenyl. —Finely powdered 2-nitro-4 : 4’-dibenzamidodipheny! (16-7 g) 
was | stirred with concentrated hydrochloric acid (83 mi.) containing a little alcohol to prevent frothing, 
and a solution of stannous chloride (47 g.) in concentrated hydrochloric acid (30 mi.) added. After 
2 hours on the water-bath the mixture was poured, with stirring, into excess of sodium hydroxide solution 
(30%), and the ag nomen solids extracted with boiling pyridine. Evaporation of the extract under 
reduced pressure, followed by crystallisation of the residue (124) g.; m. p. 255-258") from aqueous 
yridine, ere 2-anino-4 4 ~dibensamidodi phenyl, bufl-coloured prisms, m. p 270° (Found: C, 769; 

1,52. C,,H,,O,N, requires C, 76-7; H, 52%) 

4: &-Dicarbet payauine- 2- dimethylaminodspheny! ~A well-stirred solution of 2-amino-4: 4d) 
carbethoxyaminodipheny! (13 g.) in water (50 mi.) at 80° was treated in ne with aqueous sodium 
hydroxide (19 g. in 28 ml. of water) and methy! sulphate (35 g.), added alternately so that the mixture 
remained alkaline. After a further 30 minutes’ heating, the product was collected, heated with acetic 
anhydride (20 mi.) for 10 minutes on the water-bath, and poured into dilute sulphuric acid (20 m). acid in 
300 mi. of water), and the mixture was filtered while hot. The filtrate was made alkaline, giving 
4:4 2 ere © 2-dimethylaminodipheny!, prismatic needles (6-7 g.), m. p. 171-—172° (Found 
Cc, 63-7; H, H,,O,N,C,H,O requires C, 63-3; H, 7-5%), from ethanol 

2- ABB ne 4 Ss wosmlphonyidsphenyl.— 2- Benzamidodipheny! (21-2 i ) was added in portions with 
stirring to chlorosulphonic acid (42-4 g.) at 10°. The mixture was then heated at 60° for 2 hours and, 


after cooling, poured on ice. The sticky product was dissolved in chloroform and prec - rr with light 


pecan, giving 2-benzamido-4'-chlorosulphonyldiphenyl, needies (12:2 g.), m. p. 162-—163° (Pound 
. 62-1; H, 30; Cl O® C,,H,,O,CINS requires C, 61-4; H, 38; Ci, 05%), from benzene (cf. B.PP. 
597,809, 597,810 for orientation) 

2-Bensamido-4'-2"'-pyridylsulphamyidiphenyl, agen from ar a, compound, formed prisms 
m. p. 223°, from ethoxyethy! alcohol (Found H, 48 O,N,5 requires C, 67 H, 
45%). The p-chle woe ae” derivative separated from a yi a were in smal) leaflets 
m. p. 239 found 69; H, 45. Cy.H OWN a requires C, 649; ar 41%). The sulphono- 
morpholide formed aatien m. p. 161-163" (Found 65-3; H, 53. Coblasl NS requires ( , 04 
H, 5-3%), from aqueous ethoxyethy! alcohol. The culphonopiperitide formed needies, m. p. 102-—104° 
(Found: N, 66. C,,H,,O,N,5 requires N, 6-7%), from ethanol 

The p-silr ophenvisulphamy! derivative formed pale yellow leaflets, m. p. 247° (Found: C, 633; 
H, 3-8. C,,H,,O,N,S requires C, 63-4; H, 40%), from ethoxyethyi alcohol 

2-iso.N scotenamidodi phenyl —-isoNicotinic acid (0 g.), preparec (56%, yield) by the method of 
Linnell and Vyas (Quart. J]. Pharm., 1047, 20, 120), was ted under “reflux with thiony! chloride 
(85 ml.) for 6 hours. Unchanged thiony! chloride was removed under reduced pressure, and the residue 
evaporated with benzene. The ssonicotinoyl chloride hydroc hioride in gently refluxing chlorobenzene 
(320 ml.) was treated in portions with 2-aminodipheny! (40 g.) in chlorobenzene (45 mi). Heating was 
continued for a farther 30 minutes, and the mixture was . the chlorobenzene decanted off, and the 
semi-solid residue washed by ree with ether. The product was dissolved in hot methyl alcohol 
(ca. 400 mi ), the base (42-5 g.; 107111") precipitated with aqueous ammonia, and the mixture 
cooled. 2-isoNicosinamidedipbenyl ened needles, m. p. 113-6" (Found: C, 70-0; H, 53. C,H, ON, 
requires C . 7&8; H, 51%), from aqueous methanol. 

The compounds listed 1 in Table I] were prepared in a similar wa 

4'-Chioro-2-bensamidodiphenyl.—The method of Bradshaw and Wissow (]. Amer. Chem. Soc., 1946, 
68, 405) was modified as follows: 4'-Chioro-2- mented Lpdecchberis (11-2 g.), ethanol (45 ml.), water (12 ml.), 
reduced iron (15 g.), and a few drops of concentrated acid were heated under reflux on the 
water-bath for 1 hour. The mixture was then nn ty mi Kp web een Spee fF ba 
hot. Extraction of the solids with hot ethanol 419 an oil from which 4’-chloro-2-benzamidodipheny! 
was obtained, on benzoylation, as needles (10-6 g.), m. p. 167-169", from ethanol. 

5-Chloro-2-acetamidodipheny!.—The following improved method was used 2-acetamidodipheny! 
(10-6 g.) and fused sodium acetate (12-3 g.) in eee be gg Ape he -bath were treated 
with a stream of chlorine until 35 g. had been absorbed ting was continued for a further 
30 minutes and the mixture was then diluted with water and extracted with chloroform. The 
was distilled under reduced pressure, the fraction, b. 
acetamidodipheny!l, m. p. 120-121" (Found: C, 68-9; . 
49%), on crystallisation from alcohol-light petroleum (cf. Scarborough aters, /., 1927, 93) 
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2-(p-A do) diph prepared by reduction of the a os md with 
reduced iron, soparated (07%) from ethanol in Cubes, m p. 144-145" (Found 7; NL OS 
CyH, ON, requires C, 701; H, 66, N, O7 It was converted into 2- parthonvamin tensama 
diphenyl, needies, m. p. 166—167" (Found ed 73-7; H, 60. Nil « Tequires C, 73-3; H, 56%), 
from ethanol, by the method of Lesshe and Turner ] , 1043, 1685 
9-Substtuted Phenanthridines.—The amidodipheny! (! part), - oxychloride (2 parts), and 
nitrobenzene (3 parts) were heated under reflux in an oil- ae ts tor el hours. The reaction mixture 
was poured on excess of ice sodium hydroxide soluti removed in steam. After 
cooling, the separated solids were ed, washed, ai es coated by crystallisation. The compounds 
listed in Table [LI were thus Ps ccaeies 
o- MS oy? gg 4 formed yellow prisms, m. p. 235° (decomp.) (Pound 
C, 653; H, 44 oti, N,. 2HCI requires C, 65-7; H, 43%), from ethanol 
3-Caloro-9- Pienylfhenanthridine —3-Amino- oy ee (50 g.), dissolved in concen- 
trated hydrochioric acid (7 mil.) and water (3 was diazotieed at 0° with sodium nitrite 
(1-4 g.) dissolved im a little water. The diazonium solution was then rapidly added to cuprous chloride 
solution a from cupric sulphate (6-2 g.), sodium chioride (1-75 g.), and water (20 ml. ; saturated 
with SO,), the resulting cuproas chloride being dissolved in hydrochloric acid (12 ml.)). After 
kept ov ernight. the precipitated solids were collected and extracted with sodium hydroxide solution, a 
the insoluble residue was crystallised from ethanol ey 8 myip tidimne formed yellow 
leaflets (1-3 g.), m. p. 141-142" (Found: C, 790; H, 44. C,,H,.NCI requires C, 74-7; H, 43%), 
7-Amino-¥-phenylphenantaridine ——Finely powdered 7-nitro-9-phenylphenanthridine (14-5 2 was 
stirred with concentrated hydrochloric acid (60 mi.) while a solution of stannous chioride (40 ¢.) in 
hydrochioric acid (43 ml.) was added. After 3 hours on the water-bath the cooled mixture was filtered 
the yellow stannichioride dissolved in water, and the solution basified. Hot ethoxyethy! alcoho! 
extracted 7-amino-®-phenylphenanthridine, yellow needles (10-8 g.), m. p. 168" (Found: C, 83-8; H, 
5-3. CyHyN, requires C, 84-4; H, 52%). from ethanol. 
3-4 mino-9-m-aminophenylphenanthridine, pr eee foregoing compound, formed yellow 
prisms (63%), m. p. 201° (Found : C, 705; H, 5 gt, Ny requires C, 80-0, H, 5-3%), from ethanol 
7-Ad mune 9-m-eminophenyiphenanthridine, similarly to the above Bg te ey formed 
yellow prismatic needles (64%), m. p. 210 peceae C, 74; H, 62 





ae, requires C, 80-0 

H, 53%), from ethoxyethyl alcohol. The NN’-diacety/ derivative formed a m. p. > 200 (Found : 
C, 745; H, 50; N, 1b}. C,,H,,ON, requires C, 752; H, 47; N, 11-4%), from alcohol 

5-Amino-0-phenylphenanthridine, prepared by ring closure of 2 2’ -dibenzamidodipheny! (3 g.) with 

hosphorus oxychloride (6 g.) and on (9 mi.) at 160° for 2 hours, formed — riems, ™. p. 

64° (Pound: C, $1; H, 53; N, 10-4 oie eeeees 844; H, G2; N, 10-49% aan exqneess 

ethanol. The monohydrocaloride formed apes vaio les, m. p. 335-338 (decomp } (Pound , 143; 
H.49; N. 86 ¢ welt ey, » HCl requires C, 74-4; ae 49; N, 91%), from aqueous alcohol 


9-p-Lracetylaminophenyiphenanihnidine —9-p- Aminopheayiphenanthridine ( (5 g.), acetic anhydride 
(50 mi.), and one drop of concentrated sulpharic acid were heated under reflux for 4 hours. Excess of 
acetic anhydride was removed under reduced re leaving ¥-p-diacetylaminophenylphenanthridine 
m 207° (Found: C, 744; H, 53. C,,H,,O.N, requires C, 77-9; H, 5-1%) after crystallisation 

F Diacetylamine 9- p-diacetylaminophenyiphenant ‘dns crystallised from ethoxyethy! alcohol 
ethanol (1; 2) in needles, m. p. 221-222" (softening at 217°) (Found: C, 710; H, 53. C,,HyON, 
requires C, 71-6; H, 5-1%) 

7-Diacetylamino-9-p-diacetylaminophenylphenanthridine formed small prisms, m. p. 227 
(Found: C, 71-0; H, G1. C,,HysO.N, requires C, 71-5; H, 5-1%), from aqueous ethanol 

3-Carbethox yamine 0-methylphenanthridane, pale yellow prisms (3 g.) from benzene, m. p. 177-179 
(Found: C, 72-7; H, 58. C,,H,O,N, requires C, 72-8; H, 5-8%), was obtained by ring closure of 
5-carbethoxy-2-acetamidodipheny!l (5-0 g.) with phosphorus oxychioride (10 ml.) under reflux for 
45 minutes 

9-p-H ydroxyphenyl phenanthridine.--9-p-Aminophenyiphenanthridine (2-0 g.) in 2n-sulphuric acid 
(20 ml.) was heated on the water-bath and then cooled to 0 Sodiam nitrite (0-8 g.), dissolved in « 
little water, was then added, and the diazotised solution poured into water (50 ml.) at 70 After being 
kept overnight, the solids were collected, purified by solution in alkali, and crystallised from ethanoi 
9-p-H ydroxyphenylphenanthridine formed prismatic needles (1-4 g.), m. p. 237° (Found: C, 837; H 
48. C.H ON requires C, 84-1; H, 48%) 
om Hydroxyphenyiphenanthridane, prepared similarly, formed buff-coloured microneedies, m. j 
225—226° (Found: C, 83-7; H, 48. C,H ON requires C, 64-1; H, 48%), from aqueous ethanol 

9 Morpholinomethyl phenanthridine —9-Chioromethyiphenanthndine rey g.). morpholine (8-5 ¢.) 
alcohol (25 ml.), and chloroform (5 ml.) were heated under reflux for 2 hours. Water was added, the 
mixture extracted with chloroform and concentrated to smal) bulk, and light petroleum added 
9- Morpholinomethylphenanthridine separated and was obtained as yellow . m. p. 05° (Pound 
C, 77-6; H,6@7. € pos requires C, 77-7; H, 66%), from ro m. 

9-(5 Nitro-2-furyliphene Phenanthridine, yellow needies, m. p. 187° (Found: C, 60-6; H, 35. C,,H.O,N, 
requires ( H, 35%). from acetone, was obtained (36%) by hea 2-(5-nitro-2-furamido) - 
dipheny! (5-0 g.) with phosphorus oxychloride (10 ml.) and nitrobenzene (15 ml.) for 30 minutes at 160°. 

9-p Diguanidophenylphenanthridine — 9-p-Ami yiphenanthridine (265 g.), dic iamide 
(2-7 g.), water (15 c.c.), and hydrochloric (1 c.c.) were heated ander reflux for 3 J dang « a 
was basified with ammonia, and the solid collected aad crystallised from ethanol, from which it 
requires ¢, Ob; He 8 in a sample dried at 100°/30 mm. : C, 690-2; H, 52; N, 23-0. CuHsed io 


requires C, 60-4; H, 5-3; N, 23-1 
nated monohydrate, similar) 
ound: C, 660; H, 6&7; N, 224. OS, 
The prcrate formed small yellow 
20-6. CoH gCel,O , requires N, 21-6%), from ethoxyethy! 
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Phenanthridine 10-Oride.— Phenanthridine (18-1 g.), dissolved in a little chloroform, was added to 
ethereal perphthalic acid solution (= 2-1 g. of active oxygen). oe Ee SS ee 
— os with 5% hydroxide, and crystallised from ethanol (87 
P 40-ceide formed (after drying ot 100/99 mm.) leafiets, m. p. $90" (eattoning ot 315° 
ae C, 70-5; H, 46. C,,H,ON requires C, 800; H, 47 

tthyiphenanthridine \0-c1tde bydrochlonde was ex) in small ae ee @ 
M «098 





190 “108 ( p.; after drying) (Found: C, 681; rs , > 8 C,,H,ONCI requires C 
ime 10-c1tde monohydrate separated rom aqueous acetic acid in 
m. rs 253° (decomp.) (Found: C, 73-9; H,@3. C,,H,,ON,H,O requires C, aren 

> Phenyiphenanthridine \0-Oxide.—To @ y a rain prepared by Seating 30% hydrogen 
peroxide (30 g.) and glacial acetic acid (50 g.) at 85° for one hour, was added %-phenylphenanthridine 
(5-0 g.), and heating at 85° continued for a further 4—S hours. The mixture was = Enveaed into water, 
and the precipitated solids were collected and crystallised from chloroform. 9% Paenylphenanthridime 
10-ontde was obtained (91%) * Peon buff leaflets, —¥ p. 212—215" (Pound: C, 844; H, 
50. C,,H,ON requires C, 54-1 

The compounds listed in Table IV were thus . 

9-p- A minophenylphenanthridine 10-Ossde.—-Finely powdered 9-p-nitrophenylphenanthridine 10-oxide 
(4-9 g.) was stirred with hydrochloric acid (25 ml.) on a steam-ba or ite al} we hn ee ee 
to prevent frothing. Stannous chloride (14 g.) in hydrochloric acid (6 was then added; the 
su solids dissolved and were , after 30 minutes’ heating, by yellow crystals. After 
cooling to 5° the separated stannichlonde was collected and decomposed pa | Bet aqueous sodium 
hydroxide, and the liberated base crystallised from ethanol. 9-p-Amimophenyiphenantaridine 10-ontde 
monohydrate rated (40%) in yellow needles, m. p. 264—-265° (decomp.) [( Neos . 2; H, o3 
C,H, ON, HO requires C, 75-0; H, 53%). The product is readily soluble in dilute exid and gives a 
positive primary amine test on diazotisation and coupling with alkaline 2-naphthol. For analysis the 

compound was dried at room temperature, as appreciable decomposition occurs at 100° 

9-m- eee ee ae 10-oxide Aemihydrate formed yellow — m. p. 124--125° 
(decomp.) (Found , 17-8; H, G1; N, O00. C,.H,ON,4H,O requires C, 77-3; H, sf; N, & 5%), 
from ethanol 

3 — O-methylphenanthridime — hemihydrate was obtained (42%) in wispy yellow neodies 

m. p. 214° (Found : C, 72-3; H, 5-6. C,,HyON,,H,O requires C, 72-1; H, 5-6%), from aqueous alcohol 

3- Amino b phenylphenanthridine af é monobydrate formed yellow needics (54%), m. p. 248 
Hosen.) (Found: C, 756-5; H, &4. C,,H,ON,H,O requires C, 75-0; H, 53%), from ethanol 

-Amino-9- pacnylphenanthridine 10-oxsde separated (46%) in yellow needies, m. p. 278" (decomp.) 
(Found C, 768; H, 53 Cy ON | .§H,O requires C, 78-6; H, 6-0%), from ethanol 

3-Diacetylamino-9-p-diacetylamtnophe my iphenanthesdine 10-ontde hemshydrate, obtained in very low 

yield, separated from alcohol as an a ous yellow powder, m 268° (decomp., preheated bath) 


(Found: C, 67-7; H, 48 Cat Ned ie 67.8; H, 5-1%) 


9-4'-Pyridylphenanthridine 1'- corresponding base was treated with 1-1 equivs. of 
perphthalic acid solution. After fractional crystallisation to remove unchanged material, the |’-owide 
was obtained in prismatic needles, m. p. 266° (Found: C, 704; H, 46; N, 100. C,,H ON, requires 
C, 704; H, 44; N, 10-3%), from aqueous ethanol. 

9-4'-Pyridylphenanthridine 10 : 1'-dioride, colourless prisms (71%), m. p. 303° (decomp.) (Found 
C, 753; H, #2. C,,H,,O,N, requires C, 75-0; H, 42%), from ethoxyethyl alcohol, was similarly 
obtained by using 3-3 — of perphthalic acid. 

Quaternary Salis ne base was heated with methy! sulphate for 10 minutes in nitrobenzene at 160 
The methosulphate was isolated either by direct filtration or by removal of the nitrobenzene by steam- 
distillation followed by concentration under reduced pressure. The compounds listed in Table V were 
thus prepared 

3-Amino-9-(2-phenyl-4-quinolyl phenanthnidine Dimethiodide —3-Nitro-9-(2-pheny]-4-quinolyl) phen- 
anthridine dimethosulphate (1-0 g.), dissolved in concentrated hydrochloric acid (5 mi.), was treated 
with stannous chloride (3 g.) in hydrochloric acid (4 ml.) for 2 hours on the water-bath. After cooling, the 
orange-red stannichloride was collected and decomposed with hydrogen sulphide in dilute hydrochloric 
acid solution. The resulting dimethochloride proved very hygroscopic. The dimethiodide was therefore 
prepared, and formed orange-red needles (0-9 g.), m. p. 228° (decomp.) (Found: C, 51-5; H, 42. 
Cyl, N,I,,H,O requires C, 61-5; H, 3-9%), from aqueous ethanol 

2: 3-Di-2'-furylquinoxaline.Puril (9-5 g.), in hot ethanol (100 ml.) and chloroform (70 ml.), was 
heated with o-phenylenediamine (5-4 g.) in ethanol (10 ml.) under reflux for 30 minutes. Concentration 
~ 2 : 3-di-2"-furylquinoxaline, yellow needles (12-6 g.), m. p. 130-—-131° (Found: C, 73-0; H, 4-4. 

C,,H,,O,N, requires C, 73-3; H, 38%). Attempts to convert this compound into the N-oxide gave 
only 2 ie ee, white needles, m. p. >300° (Found: C, 590; H, 37. Cale. for 
CHO N,: C, 3; H, 3-7%), from water. Attempts to prepare quaternary salt were likewise 
unsuc« cessful 

2 | 3-Dimethylquinoline-4-carborylic acid l-oxide, oe ah by using peracetic acid, formed glistening 
leaflets (25%), m. p. 229° (decomp.) (Found: C, 66 Cy,H,,O,N requires C, 66-3; H, 5-1%), 
from ethano 

2-Phenyiquinoline-4-carborylic acid 1-oxide, paregeee similarly, formed pale — prisms (75%), 
m. p. 260° (decomp.) (Found : C, 71-7; H, 43. C,,H,,O,N requires C, 72-4; H, 42% 

2-Methyl-5 : 6 squinolime |-oxrde, y treating 2-methyl-5 : 6-ben slactine (10 g.) in 
giacial acetic acid (200 ml.) with A tm ony peroxide (50 mi. of 30%) at 50° for 24 Ts, was obtained 
as the monohydrate, m. p. 87 oe which the oxide was obtained after drying, m. p. 128-—129° 
(Found: C, 8-0; H, &8; N,6 4 C,,H,,ON requires C, 80-4; H, 5-3; N, 67%). 

The Action of Phosphorus Oxychloride on Some Phenanthridime N-Oxides.—Phenanthridine 10-owide 
The oxide (1-0 g.), in a flask cooled in ice-water was treated with phosphorus oxychioride (4-0 ml.) added 
dropwise with shaking. The mixture was then heated on the water-bath for 15 minutes, poured on 








Some Heterocyclic N-Oxides. 


xX 
? 
i 
=> 


youryy snoenbe , ‘jouvryz , 's0q32-sourGIe , 
¢ IPeow MoTTed [TRUS £99 
 Suistud moto eg 


ig 
Le 


2 S8IPAOU MOTT | 
2 S[PRG MOTT | 


« oye wWrer) 1-e9 


2 PTPOON 
« [POON 


¢ STPOIG Moj!2 \ 
¢ S1POON 
+s peou 
pes 20 suepd moe, 


o Swed moe, 
oe B(Pr®N 
, wonducsed 


sunoy gt ‘Sarnweq jo pousay pt 


, *IPeou urras) el 
( yoaurp 

$e oS2ipees scip | co 

o SATPSSS MOTTO { 

» SOTPooe MOT? A 


+ SOEPed BapPT™ > 

, Si pesou Peg Pears 

, Stead moped ofty 
» MTPecog acts oft 7 


, Segre, Gres) 

« Prey PM 

o pesu pry 
 wordizeag 


GOs] Pest eysAsey 4 
ab tal @ hed | has ) 
o*nHet tot? ad * bes ) 
‘ HE Bot art ed * ta ) 
rx Hn , 
| 'H®™ 
fNo"“H"o 
s'nto"H® 
s*w'o"'H" 
! SN’O"' HH" 
11x" H® 


SN" hed + had 


VINGIO 7 


) 





“agvydinsoyyeu SW [eprporpeeut = TW ¢ 


Sr usnb-9-)Ausyg-Z)-g-Osgty- 


Sr ound ¢-pAuayd 


pApournd-5 


in 


‘p 
SN pur 

LIN -Aqremounoydso jy 
SN -ypemounoy dso x 
SN ~(jhanf-g-04N-9 
SW -husydosry-d 
IW -thuaydosoqya-© 
rn “p14 

Sw Med 


° 


PRA 


igyes Aswusszund suiptsy sunny, 


‘A wie 


Suimo pegqund aq » at 


m™ at 
no" 
vom y 


vi 


Ye 09208 , "JOURTIO, Pe oy 


PRS TT WsALOYy e 


Awsy dd Croyie py d 
pAqiPme-G-O4tt Ny 
PY GOss 1-H -G-O4gtN 


tury d-G -O47ty 

AUPYS-G-O4TtN 
wry d ay d 
phmry soa w 

rAmayd @ 

mays 6 ¢ 


\asy foe 
shqoy cd 
o 


“ai 


pizO-Q] surpisyyerusy.7 


41 3 


avi 








[1950) 9 : 10-Dihydrophenanthrenes. Part I. 71 


sce, and tralised with sod hydroxide. The p i (3 mil. of b. p. 80-—-100° ; 
charcoal) dep d a little ph a ene the filtrate 
chilled to —W". 9-Chic thridine ated, needles (0-05 g.), m. p. 116-5° (Pound: C, 73-1; 
H, 3-8. Cale. for €,,H,NCi: C, 73-1; H, 38%), from light poweloum, not depressed in admixture 
with an authentic Tmen 

ee | ridine (10 g.) in alcohol (50 ml.) was added to a solution of sodiam (1-2 g.) in alooho 
(50 ml.), and the mixture heated under reflux for 3 hours. The product. in light oleum. was purified 
by passage through a column of alumina, giving 8-ethoryphenanihridine, 25 ¢), m p. or 
(Pound: C, 805; H, 64. C,,H,,ON requires C, 80-7; H, 5-9), from methanol. On reaction with 
peracetic acid it was converted into phenanthndone 

9. Phenyiphenanthridine 10-onide. The oxide (2-0 g.) in a flask cooled in ice-water, was treated 
dropwise with phosphorus oxychloride (§ ml.). When the vigorous reaction had subsiied the mixture 
was heated on the water-bath for 1) hours, and the product isolated as before. Kepeated crystallisation 
from methanol gave 3-chloro-9-pheny!lphenanthridine, m. p. 141" (Found: C, 700; H, 4 Cale. for 
CyH NCI: C, 78-7; H, 43%), not in admixture with an authentic specimen. 

o Methyiphenanthridine l0-ornde he oxide hydrochloride (20 g.) was treated with phosphorus 
oxychloride (8 ml.) as before, and the mixture heated on the water-bath for 45 minutes. After 
decomposition with ice and basifcation with ammonia, the product was fractionated from ethanol 
giving 9-chioromethylphenanthridine, m. p. 132° (Pound: C, 742; H, 46. Cale. for C,H NC: C, 
73-8; H, 44%), not depressed in admixture with an authentic specimen. The mother-liquors yielded 
(? 3-jchloro-9-methylphenanthridine, small needles, m. p. 91-56—02-6° (Found: C, 73-3; H, 46%), from 
light petroleum 











The authors thank the Directors of The British Drug Houses Ltd. for permission to publish these 
results 
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143. 9%: 10-Dihydrophenanthrenes. Part I. The Formation of 
9: 10-Dihydrophenanthrene from 2: 2'-Disubstituted Diphenyla. 


By D. Murrer Hatt, Mary S. Lessiiz, and E. E. Turner. 


9: 10-Dihydrophenanthrene is formed in high yield My the action of pheny!l-lithium on 
2 2’-di(bromomethy!)diphenyl, which is smoothly tormed trom the corresponding dihydroxy- 
compound. The latter is formed in almost quantitative yield by reducing alky! diphenates 
with ethereal lithium aluminium hydride. Dihydrophenanthrene is formed in considerable 
quantities when the di(bromomethy!l)diphenyl reacts with magnesium in the presence of ether 


Tas most obvious routes to 9: 10-dihydrophenanthrene are (a) the catalytic hydrogenation 
of phenanthrene and (6) the Wurtz—Fittig process from 2 : 2’-di(halogenomethy!)diphenyls. 
Burger and Mosettig (/. Amer. Chem. Soc., 1035, 57, 2731; 1936, 58, 1857) obtained the 
hydrocarbon by the catalytic hydrogenation of phenanthrene, but the experimental conditions 
are beyond present resources. Dihydrophenanthrene must have been present in considerable 
quantities in the liquid product obtained by Kenner and Turner (/., 1911, 98, 2101) by the 
action of sodium on 2 : 2’-di(bromomethyl)diphenyl, since oxidation of the crade product gave 
a 26% vield of phenanthraquinone. Kenner and Turner were misled in their conclusions by 
the inaccurate work of Schmidt and Mezger (Ber., 1907, 40, 4240) who described 9 : 10-dihydro- 
phenanthrene as a solid melting at 94—95". Schroeter, Miiller, and Huang (Ber., 1929, 62, 
645) obtained 3 g. of dihydrophenanthrene, m. p. 34°5—35", by the action of sodium on 25 g. 
of 2 : 2’-di(bromomethy!)dipheny!. 

It is now found that although Kenner’s conditions for the side-chain bromination of 
2: 2’-ditolyl cannot be materially improved, 2: 2’-ditolyl can be obtained in 65% yield by 
heating o-iodotoluene with activated copper powder (Kleiderer and Adams, J. Amer. Chem. Soc., 
1933, 55, 4219), a suitable alternative route being the Krizewsky-Turner reaction (/., 1019, 
115, 559; J. Proc. Roy. Soc. N.S.W., 1920, 54, 37) with o-bromotoluene, when a yield of 
not less than 35% of ditolyl is obtained. Curiously enough, cupric chloride reacts indifferently 
with o-tolyimagnesium iodide, the main product of an attempted Krizewsky-Turner reaction 
with the latter being toluene, representing non-reaction. 

As already indicated (Nature, 1949, 168, 537), a more practicable route to 9 : 10-dihydro- 
phenanthrene is the reduction of methyl diphenate by means of lithium aluminium hydride to 
2: 2’-di(hydroxymethyl)diphenyl, followed by conversion of the latter into 2 : 2’-di(bromo- 
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methyl)dipheny! and the interaction of this bromo-compound with pheny!-lithium. In this 
way, a 70%, yield of dihydrophenanthrene {rom methyi diphenate is readily obtained. 


COMe COyMe CHyOH CHyOH CH, Br CH, Br 


CH CT Br 
cH,-ch, 


When an attempt is made to prepare a Grignard reagent from 2 : 2’-di(bromomethy!)diphenyl 
(A) & mixture is obtained, the annexed scheme suggesting a probable sequence of reactions 


(A) 


CHMghr = CTI, Bir 


CH, CTI, Br _ 
more complex prox 3 
CH, CH, Be — 


CH,-CH, 


In the presence of either 2°2 or 1) atomic proportions of magnesium, 40% of the product is 
dihbydrophenanthrene, the remainder containing high-melting products of which the main 
component appears to be | : 2-di-(2’-bromomethyl-2-diphenyly!ljethane (8), hydrolysable to 
1 2eds-(2’-Aydrorymethyl-2-diphenyi yl\ethane 


EXPERIMENTAL. 


3 ; 2°-Ditolyi «) Activated copper bronze was heated in a bath kept at about 260° and o-iodo 
toluene (50 g) added at infrequent intervals, Heating was continued anti) refluxing ceased (about 
20 hours The somewhat cooled mixture was extracted with boiling chlorobenzene, and the filtered 
extract distilled No unchanged uxlotoluene was found The main portion boiled at 254-256" and 
was almost pure ditoly! (13-5 g., 65%, yield Some commercial samples of copper bronze were found 
to be without perceptible action on boiling todotoluene, even after attempted activation 

(6) A solution of o tolyimagnesium bromide was prepared from 171 g. (1 g.-mol.) of o-bromotoluene 
and 245 g. of magnesium, in ca 800 cc. of ether. Finely-ground anhydrous cupric chioride (170 g 
1-25 ¢ -mols) was gradually added and the resulting mixture boiled for an hour lee 


and then 
concentrated hydrochiorw acid were added and later 


to oxidise the cuprous salts and render subsequent 
erations easier) about one ¢ -mol. of ferric chloride (about 400 g. of the dodecahydrate) in concentrated 
aqucous solution The two layers were separated and the aqueous layer extracted severa) times with 
ether The combined ethereal extracts were washed with water and alkali and fractionally distilled in 
steam Fractions were cooled to about 10 


Oils which solidified were filtered and were pure ditolyl, 
mp is 


Other fractions were separated or extracted with ether, and the dried ether extracts distilled 
High-boling materials (abowe 19) were steam-distilled and the fractx 


serves of such 


ms treated as before From a 
of bromotoluene gave 156 g. (35%, yield) of ditoly! P the 
ghest individual yiel ‘o 

Bromination of 2: 2’ .Ditolyl Ditely! (9 ¢. 1 ¢ -mol.) was heated at 1 130° in a current of dry 
nitrogen which had bubbled slowly through 35 c« { bromine (just over 2 g.-mols Bromination 
took several hours, after which the product was cooled, stirred with dry light petroleum (b. p. 60-—80 
and crystallised trom this solvent The process was not noticeably accelerated or improved if a trace 
{ benzoy! peroxide was present In ali, 1453-5 of ditoly! were brominated and gave 125-5 g. of 
2: 2'<ti(bromomethy!l)dipheny!, m. p. 80-02 One further crystallisation from light 
petroleum gave 119 ¢ of pure dibromide, m p. i 

2 2 - De Avdroaymethyl dipheny! \ solution of 76 g. of methy! diphenate in 700 cc. of dry ether 
was added as fast as refluxing permitted to a solutx of lithium aluminium bydmnde (1-6 g.-mols 
in G00 cc. of ether Water and then dilute sulphuric acet were added and the mixture freed from 
ther by heating on a water-bath After the mixture had cooled, the solid was filtered off, washed, and 
dried The Aydroxymetayl compound crystallised from benzene in needles, m. p. 112-113" (yield, 
4 @. 091%) (Found: C. 779, H. 68 C,,H,,O, requires C, 785; H, 66% 

Similar reduction of ethy! diphenate gave a 93%, yield of diol 

2: 2. Di(bromomethyl)diphenyl.The dihydroxyditoly! (15 ¢.) was added gradually to 78 cc. of 
46% bydrobromic acid at 90° and the mixture then boiled for 20 minutes. On cooling 


a crystalline 
meal was formed and this was filtered off The solid was dried in vecno 


and crystallised from light 
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petroleum (b. p. 60—80"). From three such operations 67 g. (94%, yield) of pure dibromo r d 
were obtained 

9 10 Disydrophenanthrenc wahty mate made lithium wire (3 g.) were cut into a nitrogen-filled flask 
containing 150 c.c. of dry — a 32 g. of bromobenzene were then gradually added. When 
interaction was complete, a solution of 54 g. of dibromoaditoly! in 450 c.c. of ether was added as fast as 
refluxing allowed. Ice and water were then introduced and the two layers separated. Distillation of 
the dried ethereal solution gave 24-5 g. (86% yield) of dihydrophenanthrene, b. p. 174°/17 mm. After 
one crystallisation from methyl alcohol the hydrocarbon had m 35-0—35.5° 

ction of Magnesium on 2 . 2’-Di(bromomethyl)dipheny!.—(a) dibromo-compound (17 g.) reacted 
wm ethereal solution with 0-5 atomic proportion of magnesiam which wee pee ye | been activated with 
ethyl bromide. A further 0-5 atomic proportion of magnesium was 1 and the mixture boiled for 
2hours. A violet colour appeared at one stage and later disappeared. A white solid separated. Water 
and dilute hydrochloric acid were added without cooling and the solid ted and dried (4-4 ¢) 
Crystallisation from a mixture of cyclohexanone and light petroleum (b 100-120") gave 1: 2-d 
2 -hydroxrymethyl-2-diphenylylethane, mp ™ p. 242-344", kening at 235° [Pound 
C, %7; H, 68%; AM (cryoscopic, in 422. C,,H,,O — C, 2 H, 666%; M 
394-5). The etherea! layer, after being dries con distilled. gave ri of dihydrophenanthrene (40%) 

(6) Dibromoditoly! (34 g.) reacted in ethereal solution with 6-5 atomic proportion of activated 
magnesium and after further addition of 0-5 atomic proportion of magnesium the mixture was boiled 
for 6 hours. The white solid which separated was filtered off, washed with 47%, hydrobromic acid 
and dried (54 g@). The mixture of bromo-compounds obtained could not be separated, bat 
crystallisation from a moist mixture of cyclohexanone and light troleum (b. p. 100-126") gave the 
diol (m. p. 242-—244"). From the ethereal mother-liquor 7-2 g dihydrophenanthrene were obtained 

(ce) An ethereal solution of 17 g. of dibromoditoly! was boiled for several hours with 264 ¢ 
(2-2 atomic proportions) of activated magnesium. As in (a) and (6) a violet colour appeared 
intermediately and a solid separated. The yield of dihydrophenanthrene was 40%, 





Our thanks are due to Imperia! Chemica! Industries Ltd. for a grant and to Dr. V. A. Petrow, of the 
British Drug Houses Ltd., for a gift of diphenic esters 
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144. A Series of 9-Dialkylaminoalkylisoallorazines. 
By R. B. Bartow and H. R. Inc. 


A series of 6: 7-dichloro-9-dialkylaminoalkylisoalioxazines and some related compounds 
have been prepared and tested as antimalarial and trypanocidal agents 


Since 1945 numerous papers have appeared describing the preparation of ssoalloxazine 
derivatives containing a basic side chain (Hall and Turner, /., 1945, 690; Neeman, /., 1046, 811; 
King and Acheson, /., 1946, 681; 1048, 1926, Adams, Weisel, and Mosher, /. Amer Chem. Soc., 
1946, 68, 883; Kipnis, Weiner, and Spoerri, sbid., 1947, 69, 700; Burkett, ibid., 1947, 69, 2555; 
Hippchen, Ber., 1947, 80, 263). When the work to be described herein was begun, in May 1044, 
it was proposed to prepare 6 : 7-dichlorotsoalloxazines (I) with a basic side chain attached in the 
9-position in the hope that they would prove to have antimalarial activity, It was known that 
mepacrine antagonized riboflavin in some micro-organisms and the 6 : 7-dichloro-compounds 
were chosen for the same reason as led Kuhn, Weygand, and Mller (Ber., 1943, 76, 1044) to 
CHy.NR, synthesise the 6 : 7-dichloro-analogue of riboflavin, although at the time 
N N this work of the German authors was unknown to us. 
oO The first compound to be prepared, 9-(3'-piperidinopropyl)-6 : 7- 
NH dichlorvisoalloxazine hydrochloride (1; n= 3, NR, = N<C,H,,), gave 
co promise of being a member of an interesting new series; it was tested 
(serial number 5115) in the laboratories of Imperial Chemical Industries 
Ltd., and found by Dr. D. G. Davey to have definite antimalarial activity against Plasmodium 
gallinaceum in chicks, and by Dr. J. Madinaveitia to exert an antibacterial action against 
Lactobacilius casei, which was to some extent antagonized by riboflavin. Later, Dr. Davey 
found that the same substance had some trypanocidal activity i vifro, but not im vivo (against 
Trypanosoma rhodesiense). 

After some delay the work was resumed and Table I gives a list of the compounds prepared. 
The first four differ only in the length of the polymethylene chain. One 7-chloro-compound 
(8021) and one 6-chloro-compound (5374) were prepared for comparison with their dichloro- 
analogues, 5115 and 5291, respectively. The 6: 7-dichloro-3-methy!l compound (8956) was 
made in order to discover the effect of blocking the possibility of lactam-—lactim tautomerism in 
the rsoalloxazine nucleus, and the methochloride (8955) to discover the effect of quaternizing the 
basic group; compound 8957 combines both these structural changes. Some difficulty was 

3A 
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encountered in preparing the last compound in Table I, which contains the same side chain as 
mepacrine, and it has so far only been tested im ritro 


Tame I 
isoA Hoxasines 


Substituents in positions : 

Serial -— . pX, (+03) 
number 6 7 y 

8776 H, ~NHEt,jC! 

5ro1 H,' ~NHEt jC) 

e778 ‘ 

av? ‘ 

S15 ‘ 
wort 
5374 


H, yNHEtjcl 
ai77 


H, yNHBa jC! 

no55 H, yNMeEtC! 

958 H, | yNHEtjc) 

O57 CH, yNMeEtJcl 

9163 CHMe'CH, | yNHEt)X * 
Picrate anion. 


eee ee es 


The compounds were tested as antimalarial and trypanocidal agents in the laboratories of 
Imperial Chemical (Pharmaceuticals) Ltd. through the courtesy of the late Dr. F. H. S. Curd 
and Dr. D. G. Davey, bat none of the compounds fulfilled the expectations aroused by the early 
tests on 5115; nor in later tests did the latter substance prove to be so active an antimalarial as 
had at first been thought. The 7-chloro-compound (8021) had slight activity against 7 
congolense in mice, and so had the quaternary salt 8955. The two 3-methy!l compounds had 
slight to moderate activity against 7. rhodesiense in mice, but none of the other compounds had 
any curative action against either parasite im teve The lack of curative activ ity in experimental 
malaria and trypanosomiasis may be partly due to the high toxicity of these compounds to chicks 
and mice, since positive effects were only observed with doses within the toxic range. The cause 
of this toxicity w unknown, but an action on the central nervous system is SUS per ted 

The compounds were also tested in this laboratory, with the help of Dr. E. M. Lourie, against 
T’. rhodesiense im oitra; they were trypanocidal in a dilution range of }-—2°5 million. Dr. Lourie 
tells us that with the same organism stilbamidine and pentamidine are trypanocidal! in the 
ranges |—4 and 68 million respectively (unpublished results), whereas undecanediamidine and 
tervaient arsenicals are active in dilutions of | in 100 million or more (King, Lourie, and Yorke, 
dun. Trop. Med. Parasi., 1938, 33, 177) 

On three flavoprotein enzymes, viz., D-amino-acid oxidase, monoamine oxidase, and diamine 
oxidase, these compounds exerted only feeble inhibition; they had, however, the peculiar 
property of increasing the oxygen uptake of certain enzyme preparations, in partic ular those 
prepared from acetone-dried powders of liver and kidney, Dr. Madinaveitia had previously 
observed that, whereas 5115 inhibited the alcohol, citrate, and glycerophosphate dehydrogenases 
of yeast, vet it accelerated the action of yeast lactic acid dehydrogenase 

The pA, values of all the tertiary bases were measured by the method of Albert and Goldacre 
(J., 1943, 454); the results, included in Table I, are subject to an error of + 0°3 owing to the use 
of a mains-operated meter 

Professor Adrien Albert very kindly tested two of our compounds (5291 and its 3-methyl 
derivative 8956) for chelation effects by electrometric titration in the presence of cupric chloride. 
He reports that neither of these gave evidence of chelation; both behaved in the same way, 
although the former contains the unit ‘NIC-C(OH)IN-, which might be expected to give rise to 
chelation, and the latter does aot 

With the exception of the substance containing the 4-diethylamino-1-methylbuty! side chain, 
all the :soalloxazines were prepared by condensing suitably substituted o-phenylenediamines with 
alloxan monohydrate in methanol containing hydrogen chloride (Kuhling, Ber., 1891, 34,2363) ; 
they were isolated as thei crystalline Aydrochlorides, which were usually hydrated, and occasion- 
ally as their picraies. The o-phenylenediamine derivatives were not usually isolated; they 
were obtained by catalytic reduction of the corresponding o-nitroaniline derivative in methanol 
and, after the removal of the catalyst, they were immediately condensed with alloxan. At first 
the o-nitroaniline derivatives were prepared by heating the appropriate w-dialkylaminoalkylamine 
with 4: 5-dichloro-1 | 2-dinitrobenzene, but as the preparation of the latter substance in quantity 
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is exceedingly tedious (cf. Kuhn, Weygand, and Mdller, Joc. eif.), it was replaced by 2: 4 : 5-tri- 
chloronitrobenzene, which is readily obtained by nitrating | : 3 : 4-trichlorobenzene; that it is 
the chloro-substituent ortho to the nitro-group which is replaced by the substituted alkylamine 
was proved by preparing three of the nitroaniline derivatives from both of these starting materials 
(see Table II). The o-nitroaniline derivatives were usually isolated as hydrochlorides or 
perchlorates, but reduction (with hydrogen and Raney nickel at atmospheric pressure) was best 
effected with the free bases in methanol; reduction of the hydrochlorides with hydrogen and 
palladium-charcoal was exceedingly slow. 

The 6-chloro-compound (5374) was prepared by condensing 5-chloro-2-iodonitrobenzene with 
diethylaminopropylamine, reducing the o-nitroaniline derivative so formed, and condensing the 
product with alloxan. The 7-chloro-compound (8021) was similarly prepared from 
2 : 4-dichloronitrobenzene and piperidinopropylamine. 

Quaternary metho-salts of 9-dialkylaminoalkyl:soalloxazines could not be obtained by direct 
addition of methy! iodide to the free bases, or by condensing alloxan with the reduction products 
of o-nitro-N -dialkylaminoalkylaniline methiodides; intractable red products were formed by 
beth methods. When, however, the o-nitro-N-dialkylaminoalkylaniline was converted into its 
methochloride (by the addition of methyl! sulphite and subsequent hydrolysis of the metho 
methylsulphite with hydrochloric acid), condensation with alloxan was satisfactorily effected 
after reduction of the nitro-group. The 3-methylisoalloxazines were prepared by using methy!- 
alloxan in place of alloxan. 

6 : 7-Dichloro-9-(4-diethylamino-1-methylbuty!):soalloxazine hydrochloride could not be 
obtained by condensing the appropriate o-phenylenediamine derivative with alloxan in methanol 
containing hydrogen chloride; the only product isolated was 6 : 7-dichloroallosazine. Other 
authors have found a similar difficulty in preparing isoalloxazines with the “ mepacrine side 
chain” in position 9 (cf. Hall and Turner, loc. cit.; Kipnis, Weiner, and Spoerri, loc. cit. ; 
McCombrey and Webster, /., 1048, 1719), and Neeman (loc. ett.), who used boric acid in acetic 
acid as the condensing agent (Kuhn and Weygand, Ber., 1935, 68, 1282), was only able to isolate 
his products as reineckates. Condensation of alloxan with the reduction product of 4: 5-di- 
chloro-2-(4-diethylamino-\-methylbutylamino) nitrobenzene certainly occurs in acetic acid solution 
in the presence of boric acid, since we were able to isolate the isoalloxazine as its picrate, but we 
were unable to isolate the hydrochloride in an analytically pure state 


EXPERIMENTAL. 
(All analyses are by Drs. Weiler and Strauss. All m. p.s are uncorrected.) 


Dialkylaminoalkylamines.— We are indebted to Messrs. Imperial Chemica! Industries Ltd. for generous 
supplies of diethylamino-ethylamine and -propylamine, dibutylaminopropylamine, and 4-diethylamino 
i-methylbutylamine. Diethylamino- and piperidino-propylamines were prepared by the method of 
Whitmore «tf al. (/. Amer. Chem. Soc., 1944, 68, 725), the intermediate nitriles being reduced by sodium 
and ethanol. Diethylaminobutylamine was red irom y-chlorobutyronitrile (Utermohien and 
Hamilton, /. Amer. Chem. Soc., 1941, 68, 156; Strukov, Chem, Abs., 1934, 714), and the homologous 
amylamine from phthalo-5-bromoamylimide (Magidson and Grigorowsky, Ber , 1936, 6B, 206) 

2-Nutro-N-dialkylaminoalhylanilines.—The 4: 5-dichloro-2-nitrodialkylaminoalkylanilines were all 
prepared by boiling a solution of the dialkylaminoalkylamine and 2: 4: 5-trichloronitrobenzene (10°, 
excess) in toluene or xylene for 5—12 hours; yields of 50% were obtained. Three of them (see Table 
II) were also prepared in a similar way from the alkylamine and 4; 5-dichloro-! : 2-dinitrobenzene 
5-Chloro-2-nstro-N-3'-piperidinopropylamiine hydrochloride was obtained similarly from piperidino 

pylamine and 2 4-dichloronitrobenzene. The reaction mixtures were cooled and shaken with dilute 
- wrx vers acid; if the solid hydrochloride separated, it was collected and crystallized from water or 
alcohol otherwise, the free base was liberated to ether and converted into the perchlorate. Only one 
base was obtained crystalline, viz , 4: 5-dichloro-2-nitro-N -2'-diechylaminocthylantiine 

4-Caloro-2-nitro-N -3’ <disthylaminopropyleniline hydriodide was obtained by heating together diethy!- 
aminopropylamine and 5-chloro-2- itrobenzene (Korner, Gazsstta, 1875, 4, 381) without a solvent at 
100° until a test drop gave a clear solution in dilute acid (4 hours). The product was diluted with water 
and acidified with hydriodic acid, the salt then crystallizing ; it was recrystallized by the addition of ether 
to its solution in hot ethanol 

Table II gives a list of the compounds prepared, their m. p.s, and analytical results. The salts tend 
to crystallize in oe or yellow hydrated forms; the anhydrous salts are red, but become 
damp atmosphere ve hydrochlorides are soluble in water and alcohol, but onl 
the perchlorates are jess soluble in water and alcohol. The methochloride of 4: 
ethylaminopropylaniline was obtained by heating the free base in methanol 
excess must be avoided); after | hour, excess of hydrochloric acid > 
4 hours; the solution was then evaporated and the residue taken up in ethanol and again evaporated ; 
was finally crystallized from ethanol. Both the methochloride (orange) and the methiodide 
hydrated; they lost water, becoming red, a few degrees above | 00°, 


nitric acid (4 1-5 120 c.c.) cooled in ice~salt ; the calation was poured on fon, and 
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overnight. The solid was collected, sucked as dry as possible from y= Aagy oad 4 and « reed twee 
from methanol; m. p. 57°; yield 20 e* paper. (Jungtleisch, Aun. C Phys , 273) 

The iso Aloxazime Condensation he 3 laminoalkylanilines were tibarated from their salts 
to ether, the ethereal extracts dried (Na,SO,) and evaporated, and the free bases dissolved in methano! 
and reduced with hydrogen and Kaney sickel at atmospheric pressure. After removal of the catalyst 
hyd 2 Chlonde was bubbled into the solution, and alloxan monohydrate (1 mol.) added. the hydrogen 
chloride stream was continued until the blue colour, which formed rownd the alloxan crystals, had 

disappeared and the solution was strongly acid to Congo-red. Sufficient heat was usually generated by 
this procedure to effect dissolution of the alloxan, but occasionally additional heating was necessary. The 
deep-brown solution was set aside for at least 12 hours. The isoalioxazine hydrochloride sometimes 
crystallized from the reaction mixture; if not, it was precipitated as a dark brown oi) or gum by addition 
of ether, the mother-lquor from any crystalline materia! was also treated in this way gummy salt 
often crystallized when stirred with ethanol, but sometimes further washing with ether or acetone was 
necessary before crystallization could be induced. The Aydrochiorides wore all readily soluble in water 
with a brilliant green fluorescence, but sparingly so in ethanol. They were usually crystallized from 
aqueous ethanol and, with the exception of the 6-chicro- and the 7-chloro-compound, they were al! 
hydrated; the two methochlorides behaved similarly. The picrates, with one exception, crystallized 
anhydrovs and provided a convenient way of characterizing these isoalloxazine derivatives. Table II] 
gives a list of the compounds 7 red, with m. p.s and analytical results. Usually the yield of reerystal 
hazed product was about 30-40 

4. 7 Dichloro-9-(4-diethylamino-|-methylbutyl)sscalloxazine was prepared in a crude state from the 
appropriate o-nitroaniline derivative by the method of Kipnis, Weiner, and Spoerr: (lec. esf.). Several 
attempts were made to prepare a hydrochloride from the crude base, but without success. The picrei 
however, crystallized from aqueous alcohol-acetone (Table Il). When methanolic hydrogen chloride 
was used as the condensing medium, an insoluble white product separated which appeared to be 6: 7-di 

chloroalloxazine , it was insoluble in all the usual solvents, but dissolved in aqueous alkali and was 
+ ipitated by carbon dioxide; it did not melt below 300° (Found: N, 198. C,.H,O,N,Cl, requires 
, 195%) 

The methylalloxan used in the preparation of the 3-methyliscalloxazines was prepared from 
theobromine by the method of Biltz (Ber, 1012, 45. 3659). In our experience it is essential to use 
“ AnalaR “ stannous chloride in the reduction stage and to keep the reaction solution at — 15° for 24 hours 
in order to induce dimethylalloxantin to crystallize. 


We are indebted to the Medical Research Council for a research grant to one of us and a training grant 
to the other 
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145. Fucoidin. Part I. The Isolation and Purification of 
Fucoidin from Brown Seaweeds. 


By E. G. V. Percivar and A. G. Ross 


The isolation of the polysaccharide sulphate, fucoidin, from various species of Phaophycea 
is described and the results of quantitative analyses are reported 


Fucorpin, the principal polysaccharide sulphate ester of the Pha@ophycea, ditlers from that ot 
the Rhodophycea in that the main carbohydrate skeleton is founded on fucose instead of on 
galactose 

Fucoidin which occurs together with mannitol, alginic acid and laminarin, was first described 
and named by Kylin (Z. physiol. Chem., 1913, 88, 171; 1915, 94, 357) who isolated the sub 
stance from various species of Laminaria and Fucus by extraction with dilute acetic acid and 
subsequent purification. After hydrolysis Kylin isolated pheny!-.-fucosazone and claimed 
that pentoses were present also in the hydrolysate. 

Bird and Haas (Biochem. J., 1931, 25, 403) obtained fucoidin by soaking fresh fronds of 
Laminaria digitata in water and precipitating a crude sulphate from the viscous extract with 
ethanol. After suitable treatment a product containing 30°9% of ash (chiefly calcium sulphate) 
and 30°3% of sulphate was obtained. Since the total sulphate content was approximately 
double that found in the ash, fucoidin was designated a carbohydrate ethereal sulphate. Bird 
and Haas (loc. cit.) reported the presence of uronic acid (73%) in their preparation. 

Lunde, Heen, and Oy (Z. physiol. Chem., 1937, 247, 189) allowed the droplets exuding from 
freshly-gathered Laminaria digitata to fall into ethanol, and, after its purification from boiling 
ethanol, obtained a specimen with an ash content of 26—30%, of which the sulphate content 
was approximately half the total estimated in the polysaccharide. In this specimen the 
principal inorganic ion was sodium. Estimations by distillation with hydrochloric acid gave 
33-—37%, of methylpentose, and since this failed to account for more than 80% of the carbo- 
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hydrate constituents a formala (K-R’-O"SO,-OM), was proposed where K is fucose (as C,H,,O, 
Kh’ is unknown, and M may be Na, K, Ca,, or Mg,, 

Another water-soluble polysaccharide closely related to, if not identical with, fucoidin was 
first isolated from the giant kelp Macrocystis pyrifera (Hoagland and Lieb, /. Biol. Chem, 
1915, 23, 287) and shown to contain t-fucose and a high proportion of calcium and sulphate 
Further studies by Nelson and Cretcher (sid, 1931, 94, 147) revealed that the sulphate existed 
in the form of ester groupings, and that the only sugar identified after hydrolysis was L-fucose, 
although contamination with alginates was suspected on the ground of a uronic acid content 
of 26% 

In an attempt to reconcile some of the conflicting views on the nature of fucoidin, speci- 
mens have been prepared from Fucus vestculosus, Fucus spiralis, Laminaria clousiom, and 
Himanthalia lorea. The method adopted was by extraction with hot water, removal! of algin- 
ates and proteins with lead acetate, and addition of barium hydroxide. The resulting lead 
hydroxide-fucoidin complex was then decomposed with dilute sulphuric acid, and the poly 
saccharide isolated after prolonged dialysis, although several treatments with “ Filter Cel 
and precipitation from ethanol were necessary before anything approaching a pure product 
was obtained. The presence of a sulphate ester was confirmed in the usual way for all our 
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specimens; in contrast to the findings of Lunde et al. (loc. cit.) the main inorganic ion was 
found to be calcium, a typical ash analysis giving Ca 250, Mg 19, Na 1-1, K 08, and SO, 73°2% 
The earlier specimens examined contained glucose, presumably owing to the incomplete removal 
of laminarin. In the Table the results for a number of specimens of fucoidin are set out 
FPucese was estimated by the method of Cameron, Ross, and Percival (/. Soc. Chem. Ind., 1948, 
67. 161) although it was found later that slightly higher values were obtained by chromato 
graphic analysis 

Since a calcium fucosan sulphate would give 66°9% of fucose on hydrolysis it appeared 
that the view held by Lunde had some justification. Nevertheless a prolonged search by 
various methods, including periodate oxidation of hydrolysis products and chromatographx 
analysis, failed to reveal the presence of more than small quantities of other sugars. The 
discrepancy was accounted for when it was realised that despite drying at 40°/0'1 mm. for 
18 hours, the polysaccharide stubbornly retained water (94°) and ethanol (6°) as revealed 
by micro-Zerewitinow determinations and by the use of the method of Newman (/. Pharmacol 
19236, 66, 278) for the determination of ethanol 

This result recalls the observations of Berner (Ber., 1931, 64, 842) on the difficulty of 
removing adsorbed ethanol from inulin, and those of Jansen, MacDonnell, and Ward (Arca. 
Biochem., 1949, 21, 149) on the retention of ethanol by polygalacturonic esters. In the present 
instance the attraction for water is probably enhanced by the presence of the sulphate residues. 

After making due allowances for the adsorbed solvents, and by chromatographic estim 
ations of the reducing sugars present, the following result was obtained for the most highly 
purified «specimen of Himanthalea lorea fucoidin SO,, 383; metals, 82; uronic acid, 33; 
fucose on hydrolysis, 56°7; galactose, 4:1; xylose, 15%, A calcium fucosan monosulphate 
C HOLS Cae sle W ruld give SO, 39°2 Ca, &2 fucose 66°9 

The simplest interpretation of these results is that the principal constituent of the fucoidin 
examined is a fucosan monosulphate and that the other constituents arise from adventitious 
LM purities 

EXPER RIMENTA! 

Isolation of Crude Fucoidin from Seaweeds —Samples of crude fucoidin were prepared from Fucus 
vesseulosws, F. eperaiss, Lamenarsa Geuston:, and Himanthaica jorea a8 follows: For the first specamens, 
dried ground seaweed (1 kg) was extracted with hot water (31) for 24 hours at the temperature of a 
boiling water bath and the residue removed by filtration through muslim. The extract was treated 
with lead acetate solution until _ ipitation of alginates and proteins was complete After filtration 
the solution was made just alkaline to phenolphthalein with bariam hydroxide, yielding a lead hydr 
oxkle-fucouiin complex which was removed and decomposed with dilute sulphuric acul (300 c.c. of 
é4~n-ackd in 1 | of water) by shaking overnight, followed by dialysis for a week in a Cellophane bag t 
remove the acid, filtration, evaporation (40° 15 mm.) to small bulk, and precipitation in aleohol The 
resulting solid, which was washed with alcohol and ether and dned over phosphoric oxide in a vacuum 
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wes bud-coloured and @ representative analysis w as: fucose (by the method of Cameron, Ross, and 
Percival, Joc. cit), 206; SO, 27-3% ; # \ , 1. clowmstome, 8 g. 
hyd 


the 
hydrotysis was 

complete in 3 hours in 0-5N-su from (aif) —119° to 0". 
urther Purification of F ucoudem —Dissolution in water, ywed by evaporation and reprecipitation 
in alcohol, did not increase the fucose content but, if the solution in water was set aside overnight with 
2% Johns-Maaville “ Pilter Cel and then filtered and the product was isolated as before, the fucose 
released on hydrolyws of the sample noted before rose to 35-4% and a second treatment increased this 
figure to 37-4%, the total sulphate rising to 31-79%. The samples from other species of seaweed gave 
mmilar figures when treated in the same way although these operations involved serious loss of maternal 

— metals, and «|p were also determined (see {c Table). 

¢ sample of crude gy prepared trom Himaenthalea lorea was extracted from freshly 
gathered, minced seaweed (50 kg.) as before except that, after decomposition of the lead hydroxide 
precipitate with acid, the brn. was filtered through © Pilter Cel’ which removed much colouring 
matter. The fucoidin (190 g.) was separated after concentration and precipitation in alcohol. This 
wey (20 g.) was redissolved in water and treated twice with charcoal (1%; Merck) and “ Filter 

* (2%) at 90° for § hour, yielding after filtration and wolation a pure white product (12 g.) con- 
taining fucose 43-90%. 50, 32-4%, ash 22-6%, and metals 69%. This sample, which was used for the 
later analyses unless otherwise stated, was most highly pu specimen obtainable by this method, 
two additional treatments giving a product with the same analytical figures and (a)? —140° (¢, 10 
im water) 

Investigation of Other Components of Crude Pucoidin..—Betore the fucoidin was obtained from H. 
lorea, some investigations were made into the undetermined portion of the polysaccharide from 
FP. vesiculosus. 

Estimation of pentose (Marshall and Norris, Bicchem. ]., 1937, $1, 1289. 1939) and uronic acid 
(MacCready, Swenson, and Maclay, /nd. Eng. Chem. Anail., 1946, 18, 290) gave hgures of 3-4% and 66% 

tively, but no free sugars or methoxyl groups could be detected Hypotodite oxidation after 
hydrolysis, on the other hand, indicated about 20% of sugars as hexose after allowance for fucose, 
by addition of excess of alkaline hypoiodite and titration of the excess with thiosulphate after storage 
for | hour and acidification. Oxidation experiments using periodic acid were also carried out after 
preliminary investigations into the oxidation of glucose and rhamnose. On treatment with periodic 
acid pentoses and hexoses yield | molecule of formaldehyde along with formic acid ( Reeves } 
Chem. Soc, 1941, 63, 1476), the formaldehyde being estimated as the dimedon complex (Vorlander, 
Z. Analyt. Chem., 1929, 77,241). In the present case glucose was found togive 0-06 mol. of formaldehyde 
when treated in admixture with rhamnose, provided that the acetaldeh formed trom the methyl- 
pentose was removed by aeration before precipitation with diumedon. formic acid 9 - was 
also determined by titration after destruction of the excess of periodate with ethylene Le lucose 
giving 4-90 mols. and rhamnose 3-99 mols. of formic acid. When applied to fucouiin, t wction 
of formaldehyde was equivalent to 191% of hexose, and that of formic acid after slewenes | - fucose 
to 148% of hexose 

\ sample of fucoidin was hydrolysed and the fucose mainly removed as the ites on iain te 
the remaining material, after treatment with benzaldehyde (Ladtke, Biochem 1029, 218. . 419), being 
finally obtained as a glass. A small amount of alcohol-insoluble material was shown to be mainiy 
uwromec acid whilst the soluble portion contained fucose 54% and hexose (by periodate oxidation) 
51-9%. This gave glucosazone (m. p. 186°) which yielded pheny!-p-glucosotriazole (Haskins, Hann, and 
Hudson, J. Amer, Chem. Soc., 1945, 67, 939) (m. p. 196—-197°, mixed m. p. 193-—194", [a]}? - 80° in 
pyridine) These results indicate the presence of glucose since it was found impossible to obtain mannose 
phenylhydrazone under conditions in which a control mannose solution reacted readily. Estimation of the 
glucose by the Somogyi micro- copper method (/ Biol. Chem, 1945, 160, 61) before and after incubation 
with yeast at 37° (Harding and Selby, Biochem. J., 1931, 25, 1815) indicated the presence of 15-68% 
of glucose in the glass along with a similar amount of another reducing sugar, not absorbed by yeast, 
which was not identified 

Properties of Fuccidin as a Free Acid.—Freshly prepared fucoidin solution (0-2%) had a pH value 
of 61 which fell to 40 on storage for 1 week owing to autolydrolysis. Pucoidin (0-35 ¢) was dis- 
solved in water (150 c.c.), and the solution titrated electrometrically with sodium hydroxide (0-01nN_) 
with a platinum-quinhydrone—n-calomel cell. After titration to a pH of 7-26, the calculated amount 
of oxalic acid necessary to precipitate exactly the calcium present was added and the titration of the 
free acid continued using sodium hydroxide (0-In.). The results in the following table indicate the 
presence of a strong acid 


C.c. of NaOH (0-1045xs.) added eu 3 54 64) 7 oo 05 z 67 
pH 372 374 3091 445 463 4096 5679 684 716 7-26 


Further Analyses of the Purest Pucoidin from H. lorea.—All analyses were carried out on 

dried at 40° /0-1 mm. for 16 hours. This sample contained fucose 43-9% and 50,324%. Quantitative 
paper chromatographic analysis (Flood, Hirst, and Jones, /., 1948, 1679) on this material, after hydro- 
lysis, gave fucose 48-4%,. which is slightly higher than ¢ 1t obtained by the volumetric estimation. 
Fucoidin (1-247 g.) was hydrolysed with sulphuric acid (100 ¢.c.; ».) and neutralised, and the free 
sugars were obtained as a glass, all the operations being carried out as far as possible tatively 
The glassy product (0-755 g or 60-5%) had (a)? —545 (c, 1-26 in water), fucose 7 Prag ny ho 
calcium sulphate 7-8%, and sulpbated ash 7-2 A titative chromatogram on glass 
on hee ee and galactose 7.2%, representing 0% and 4-4 eileen ocltunel Ga damhane 
polysaccharide clopment of a chromatogram with aniline oxalate solution confirmed the 

of hexose (brown = and also indicated a small quantity of a pentose (pink spot) cosmapenting #0 
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sykse A second quantitative determination using more material was carmed out and gave galactose 
amounting to 58% and xylose 22% of the glass 

The analytical figures to date on the polysaccharide were fucose 48-0%, galactose 35%. xylose 
13%. uronic acid 28%, miphate 324%, and metals 6-9 Calculation of these figures to anhydro- 
eugars, etc. a8 in the polysaccharnie showed that about 15% remained to be accounted for 

Alcohol determinations were carried out bry the method of Newman (/. Pharmacel., 1936, 56, 278) 
on samples dried tor 18 hours at 40°01 mm The alcohol is removed from the sample by evacuation 
after dissolution in water and addition of anhydrous sodium sulphate, and is absorbed in acid dichromate 
solution: the excess of dichromate w then titrated with sodium thiceulphate in the presence of 
potassium iodide Found : adsorbed alcohol 60% (average of three determinations). Adsorbed water 
was aleo investigated and determined by means of the Zerewitinow reaction (Her, 1907, 40, 2033) 
modified to the micro-determination of active bydrogen (Flaschentriger, Z. physiol, Chem. 1925 
146, 219. Pregh-Grant Quantitative Organic Micro-analysis,”” 4th Edn. 1945), allowance being 
made tor the active hydrogen im the ethanol in the polysaccharide. It was found that methane was 
produced equivalent to 65%, of water in the polysaccharide. The possibility of other reactions taking 
place was negatived by a smilar determination on starch with a known moisture content of 121% 
(Found . water 127% Ky weighing a supposedly dry sample of fucondin at intervals after storage 
im an atmosphere of 60%, relative humudity, 1t was found that after | day the momture content increased 
by 17% and, after 6 days, by 26%. showing that intensive drying before analysis is necessary and 
confirming the possitality of fucoidin’s high power of retaining water after being dried by the normal 
methods 

The addition of water and alcohol to the previous analytical figures brings the total percentage 
accounted for to 96: 3%, 


Thanks are expressed to the Scottish Seaweed Research Association for permission to publish 
this work 


Kine's Boitoimas, University of Epixeyacn, (Received, December 13th, 1949 


146. The Hydrogenation of Some isoOxazlones. 
By G. Smav 


Hydrogenation of 4-benzyldene-3-methyl- and 3-methy!l-4-anilinomethylene-sscoxazolones 
using a palladium catalyst affords the 4-benzyl- and 4-anilinomethyl!-sscoxazolones. When a 
platinem catalyst used in mott solvents, disruption of the tsvoxazolone nucleus occurs and 
hnear ketones are obtained. in anhydrous ethanol hydrogenation of the 4-benzylidenc- and 4 
benzvl«seoxazolones affords ethyl « benzrvlacetoacetate, suggesting the formation of a reactive 
anhydride-like substance, possibly an tooxazolidone (IV Hydrogenation of proprophenone 
oxime acetate affords the corresponding acylketimine. Oxidation of propiophenone acety!l- 
imine with potassum permanganate in acetone, in an attempt to reverse the last-mentioned 
reaction, gives \N-acetylbenzamide 


It has been shown recently (Panizzi, Gazzsetia, 1946, 76, 44) that hydrogenation of 3-methyl-4- 
tert.-butyliscoxazol-5-one (Ia), using a large excess of platinum as catalyst and acetic acid as 
solvent, affords fert.-butylacetone (I]la); Panizzi points out the unexpected lability of oxygen in 
the tsooxazolone nucleus and suggests that ketone formation is preceded by formation of 
$-imino-a-ert.-buty!lbutyric acid (Ila). Evidence is now presented which suggests that hydro- 
genation of the tsooxazolone system produces a reactive anhydride-like substance, possibly the 
mooxarolidene ([V) which may yield (II) via the hydroxylamine derivative (\ 


M. <n 
Me CHE 


HN CO,R MeCO-CH,R 


But, K Illa. R But.) 
CH,Ph, R 11d; KR =~ CH,Ph) 
‘ , Ill kK CHyNHPh,) 
a 


’ 
<H-CHK rOH MeCH- CHR 
L > 


NH ©O HO-NH CO,R 


iy 

Hydrogenation of 4-benzylidene-3-methyhsooxazol-5-one (V1) over 5°, palladium-charcoal 
in ethanol! or ethyl! acetate at room temperature resulted in the absorption of only 1 mole 
of hydrogen and formation of 4-benzy!-3-methy)liscoxatol-5-one (1b) Hydrogenation of the 
banc arylaminomethylenvssooxazolones (VIla—<) under the same conditions afforded quantit- 
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ative yields of the corresponding erylami nethylisoo lomes (VIL la —«) which readily formed 
prcrates. 
Mex <CHPh Me CCH NHK Met CH-CHy NHR 
‘ 


N co N CO \ to Me, Nt nM, 
NH CO-—NR 





0 0 


(Vila; K « Ph) (Villa, R « Ph) (tx 
(VIIb; R « etolyl) (VILIb, R  otolyl 
Vile, R & p-tolyl) (Ville, RK « p-tolyl 


It soon appeared that Adams's platinum catalyst was required for the disruption of the 
:sooxazolone nacleus: when thus reduced in ethanol or ethyl acetate, (V1) absorbed 2 moles 
of bydrogen affording ammonia and an oil consisting largely of 4-phenylbutan-2-one (IIIb) 
Under the same conditions 4-benzy!-3-methylssooxazol-5-one (1b) absorbed | mole of hydrogen 
and gave the same products. In these experiments no special! precautions were taken to exclude 
moisture. When (1) was reduced with hydrogen—platinum in absolute ethanol under anhydrous 
conditions | mole of hydrogen was absorbed bat no ammonia was formed, and from the reaction 
mixture was isolated ethy! z-benzylacetoacetate and a base which was rapidly hydrolysed to the 
keto-ester and was probably its imine (11d). The identity of the keto-ester was confirmed 
by conversion by warm concentrated sulphuric acid into I-methylindene-2-carboxylic acid 
(von Pechmann, Ber., 1883, 16, 516; Roser, Annalen, 1888, 247, 157). The keto-ester was also 
obtained by reduction of (V1) under anhydrous conditions in absolute ethanol, but neither (VI) 
nor (Ib) showed evidence of reaction with ethanol at room temperature Hydrogenation of 
3-methy!-4-anilinomethylene:sooxazol-5-one (VIIa) in moist solvents afforded ammonia and 
4anilinobutan-2-one (Illc), but in anhydrous solvents a viscous liquid was obtained which 
could not be satisfactorily identified; work in this direction is being pursued to ascertain the 
possibility of formation of an azetidinone or B-lactam (IX) which might conceivably arise by 
rearrangement of the hypothetical ssooxazolidone (IV; R « CH,yNHPh) 

The isolation of ethyl a-benzylacetoacetate by reduction of (Ib) and (V1) in ethanol implies 
the intermediate formation of an anhydride-like substance capable of combining with the solvent 
and this substance is postulated provisionally as the isooxazolidone (IV). Attempts to isolate 
such a compound by carrying out the reduction in anhydrous ethy! acetate were unsuccessful, a 
viscous oil being obtained from which benzylacetone alone could be isolated. 

The system ~C:N-O-CO~ exists in the acyloximes (X) and hydrogenation of these substances 
was next attempted in the hope that the stable acylketimines (X1) might be obtained. Moureu 


x PhCRIN-O-COMe Ph-CR-N-COMe (XI) 


and Mignonac (Compt. rend., 1913, 156, 1805; 1920. 170, 1354) showed that reduction of oximes 
with hydrogen-platinum afforded the ketimines and prepared a number of acylketimines by 
acylation of these substances and also by an independent method. In presence of platinum in 
ethanol propiophenone oxime acetate (X; K = Et) absorbed | mole of hydrogen during 4 hours, 
to afford propiophenone N-acetylimine (XI; K = Et), identical with a sample prepared from 
phenylmagnesium bromide, propionitrile, and acety! chloride (Moureu and Mignonac, loc. cit.). 
Hydrogenation of acetophenone oxime acetate (X; R <— Me) under the same conditions afforded 
an oil which was presumably the ketimine (XI; R — Me) since it gave acetophenone, ammonia, 
and acetic acid when hydrolysed. In an attempt to reverse the latter reaction, propiophenone 
N-acetylimine (XI; R = Et) was treated with potassium permanganate in acetone, but, 
instead of the expected oxime acetate, N-acetylbenzamide (X11) was obtained in good yield, 
together with a small amount of benzaldehyde. This suggests that the oxidation may proceed 
according to the scheme : 


Pht-CO,H PhCH Ph Pao 


co, ~ 
i ier 4 ——=> 0 —> 
N-cOMe | “COMe H-COMe 
HO (XIL) 


XI; R Et) —> 


Ph-CHO 4+ MeCO-NH, 


EXPERIMENTAL. 
Hydrogenations were carried out at room temperature and atmospheric pressure; the recorded 
volumes of hydrogen refer to N.T.P 
Hydrogenation of 4 Benrylidenc-3-methyl i-5-omet (V1).—The iscoxazcione (1 g.; Daims and 
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Oritin, |. Amer. Chem. Soc, 1913, 86, 059) in 00-95%, ethanol (30 mi.) was reduced with hydrogen and 
5%, palladium-charceal (0-1 ¢ ), bydrogen (131 mi. Cale for | mol, 120 ml.) being absorbed during | hour 
Kvaporation of the filtered solution i vacwo gave an oil which partly crystallised. 4-Benzyl-3-methyl- 
troomaznl-S-ome (1b) (O2 g parated from benzene as needles, m. p. 106°, undepressed when mixed with an 
authentic specimen, m. p. 107", prepared according to Schiff and Viciana (Ber, 1897, 90, 1161; Gaczetta 
1807, 87, 73 When (VI) (2 ¢) in 96-05% ethanol (30 mi) was reduced with hydrogen-platinum 
(Adame’s catalyst) (0-1 g), bydrogen (244 mil Cale. for 2 mols, 240 ml.) was absorbed during 4 hours 
the resultant solution had a strong ammoniacal odour Evaporaton of the filtered solution im vacm 
afforded an oil which readily gave crystalline benzylacetane semicarbazone (1-3 g.) which separated from 
ethanol as needles, m p 142°, andepreseed on admixture with an authentic sample. The same compound 
was also obtained by redaction in ethyl acetate. 4-Benzsyl-3-methylisecoxazol-J-one (15) did not absorb 
hydrogen in the presence of palladium, but in presence of a platinum catalyst | mole of hydrogen was 
absorbed with formation of ammonia and benzylacetone. (VI) (2g) in anhydrous ethancd (30 mi.) was 
reduced with hydrogen-platinum, with exclusion of moisture; hydrogen (245 mi. Cale. for 1 mol 

240 mi) was absorbed during 3 hours and the solution became slightiv alkaline but there was no odour 
ofammonia. Evaporation of the filtered solution m eacue gave an oi) (1-9 ¢.) which gave a purple colour 
with alkeoholic terre chiwide. The oil in ether (20 mi) was extracted successively with 2%, sxtium 
hydrogen carbonate solution (2 « 10 mi), 2% hydrochloric acid (2 = 10 mi), and water (10 ml) 
Evaporation of the dried solution afforded ethyl «-benzylacetoacetate (1-3 ¢.), b. p. 165--169°/12 mm 
(Leucha, Ber, 1911, 44, 1510, gives b. p. 164-185" 12mm.) The oil (0-5 ¢.) and concentrated sulphuric 
acid (3 ml) were heated on « water-bath for 10 minutes, then cooled, and poured into ice-water (100 ml); 
l-methylindene-2-carboxylc acd (0-25 g.) was obtained as a white precipitate, which separated from 
ethanol as needles, m. p. 200°, undepressed when mixed with an authentic specimen, m. p. 200°, prepared 
from ethy! «e-benzylacetoacetate and sulphuric acid (von Pechmann, loc cif: Koser, loc. cit Acidification 
of the seciiam bydrogen carbonate solution, extraction with ether, and evaporation afforded only a trace 
of gum, indicating absence of acid. The acid extract when kept for a few Sean deposited an cal (0-2 g 

insoluble in sodium hydrogen carbonate solution), which afforded l-methvliadene-2-carboxyvlic acid 
when treated with sulphuric acid and was probably ethyl « benzylacetoacetate, the basic precursor being 
presumably ethy! «a -bensylacetimidoacetate Its 

3- Mcthy! 4-anthimomethylinoosazol-5-one (VU La) —-3- Methvl-4-amihnomethylenessooxazol-5-one (VI la) 

ig Deus and Griffin, ice. of) in 90-05%, ethanol (30 mi.) was reduced in presence of 54%, 
palladium-charcoal (1 g.), hydrogen (110 mi. Cake. for 1 mol, 111 mi.) beng absorbed in 2 hours 
Kvaporntion of the filtered solution t eacwo gave 3-methyl-4-aniiinomethy/isoosazol-b-one dihydrate as a 
pale yellow solid (1 g.) which separated from water as fine pale yellow needles, m. p. 101—-102" (decomp 
Pound: N, 11-6 C,,H ON, 2H,0 requires N, 11-65%). This lost water when heated at 50°/1 mm. for 
| howr to give the anhydrous tsooxagolone as a very pale yellow powder, m. p. 150°; the anhydrous 
material was extremely deliquescent (rapidly reverting to the dihydrate in moist air) and coud not be 
recrystallised satisfactorily, but when it, or the dihydrate, was added to a saturated solution of picrik 
acid th ethanol, the picrate was precipitated as a yellow solid which separated from ethanol as prisms 
m. p. 167-168" (decomp) (Found: N, 163. C,,H,,O.N, requires N, 16-15%, 3-Methyi-4-anilino 
methylenet scoxazol-4-one (2 ¢.) in 90-.-95%, ethanol (40 ml.) was reduced with platinum (0-1 g.), hydrogen 
2256 mi. Cale. for 2 mols, 222 mil.) being absorbed in 3 hours. Evaporation of the filtered solution 
which possessed an ammoniacal odour) im vacwo gave almost colourless 4-anilinobutan-2-one, b p. 149 
155°/14 mm. (1-6 g.), which became brown in the air (Found: N, 8&4 Cale. for CQH,ON: N, 86% 
Bayer and Co, (Zewir., 1013, Il, 1832) give b. p. 140--145° 10 mm 

3 Methy! 4p tolusdimomethylimoosrazol-5-onme Vill 3-Methyl-4-p-toluidinomethylenet sooxazol-5- 
one (Vile ta), when reduced with bydrogen-palladmm as above, afforded 3-methyl-4-p-tolusdino- 
methylimoracel--one (005 g.) which separated from water as fine, very pale yellow needles, m. p. 181-— 
182° (decomp.) (Pound: N,12-7. C,,H,,O,N, requires N, 12-69%). The picrats crystallised from ethanol 
a6 prima, m. p. 167-169 (decomp.) (Found. N, 154. C,,H,,O.N, requires N, 15-65%) 

3- Methyl. 4-0 toluidinomethy!moorazol-S-one (VILLE This prodwct separated from water as fine pale 
yellow needles, m. p 163-- 164" (decomp.) (Found: N, 12-65%). The prcrate separated from ethanol as 
yellow prisms, m. p. 150° (decomp.) (Found: N, 15-45%) 

Proprophenone Oxtme Acetate (X, K Et Propiophenone oxime (13-5 g.) and acetic anhydride 

15 ml.) were heated on the water-bath for 3 hours. Evaporation of the solution is vacuo gave an oil 
which soon crystallweed fr prophenone oxime acetate (10-5 g ) separated as needles (from light petroleum), 
m. p. 57° (Found: N, 7-25. C,,H,,O,N requires N, 73-35%). The acetate (5 ¢) was reduced with 
hydrogen and platiqum (0-2 ¢ ) i ethanol (100 ml) until | mole of hydrogen (585 mi ) had been absorbed, 
this requiring 5 hours The hitered solution was evaporated os eacwo to afford a pale brown oil, which 
partly crystallised on being kept overnight The crystals (1-4 g., 31%) were separated from oil by 
spreading the mixture over a porous title, and recrystallised from water as needles, mp. 125°, undepressed 
when mixed with an authentic sample of proprophenone N-acetylimine (XI; K Et), m. p. 126 

Hydrogenation of Acetophenone Oxrme Acetate (X> BR Me The acetate 
was reduced with platinum (0-1 ¢) until | mole of hydrogen (252 ml.) had been absorbed (4 hours 
Evaporation of the filtered solution gave an ofl (1-9 ¢ \ solution of this in ether was extracted 
successively with sodium hydrogen carbonate solution, hydrochloric acid, and water; evaporation of the 


2 g.) in ethanol (30 mi 


dried ethereal solution gave an oil (1-3 ¢.) which failed to crystallise. The oil (1 ¢.) was boiled under 
reflux with s-bydrochioric acid (10 mi.) for 30 minutes, and the cooled solution extracted with ether 
20 ml Evaporation of the extract afforded acetophenone (0-5 ¢ ) (2 4-dinitrophenylhydrazone, m. p 


248", undepressed when mixed with an authent specimen, m. p. 2 The aqueous solution was 
evaporated to a small volume and made alkaline with 5n-sodium hydroxide, whereupon ammonia was 
svalead neutralisation of the solution and addition of ferric chloride produced a red colour, and boiling 
the mixture precipitated basic ferric acetate 

Omdation of Proprephenone N-Acetylommme (XI OR Et A solution of the acyltketimine (1 g.) in 


acetone (100 ml.) was boiled under reflux, and solid potassium permanganate added until a lasting pink 
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colour was obtained (about 3g. were required). The solution was filtered, the filtrate decolorised with 
sulphur dioxide and re-filtered, and the filtrate evaporated to dryness im eecwo, to yield crystalline 
N-acetyIbenzamuide (0-8 g.) which ted from water as laths, m. p. 116°, u when mixed 
with an authentic specimen, m. p. 116° (Titheriey and Holden, /., 1912, 101. 1880) filtrate from the 
above crystallisation had an odour of benzaldehyde and gave 2 &-dinttrophenvihydrazone m.p and 
mixed m. p. 235°, thereof 


Tecnwicat Cottecs, Syowry, NS W., AvsTmatia (Received, October Dth, 1949.) 


147. Crossed Reaction Chains in Oxidation by Molecular Oxygen. 
Part I. Oxidation of Hydrocarbons in Aldehyde-Air Miztures. 


By N. J. H. Smate and A. R. Unperonpe. 


One theory of hydrocarbon oxidation assumes that the reaction chaim 
R+OQ,-> RQ, . . ; ., » 
RO, + RH — > ROOH +R . po hne (2) 
is closely similar whether R is an alkyl! radical in the oxidation of hydrocarbons, or an acy! 
radical in the oxidation of aldehydes. 
To test how far the oxidation chains for these two molecular species can in fact “ cross, 
small proportions of paraffins, olefins, benzene, and hydrogen have been added to an 
acetaldehyde-air mixture undergoing vigorous oxidation around 150.200 These added 


molecules were found either to be substantially inert, or to act as inhibitors for the oxidation of 
the yde 

The conclusion is that the oxidation chains of the hydrocarbon tested cannot “ cross * 
freely with those for acetaldehyde, at the temperature of the experiment. When the added 
molecules act as inhibitors for the oxidation of acetakiehyde, they may do se by donation 
of hydrogen atoms to the peroxide radicals - 


4 


ve) 
cH, +xH —> CH x 
Noo NO-OH 


but the resulting X radicals do not themselves continue long oxidation chains under the 
conditions used. The inhibiting action of hydrogen may also be caused by its deactivating 
‘ energy chains "’ by facilitating the exchange of vibrational energy 


Tue close relation between the oxidation mechanism of gaseous aldehydes and that of 
gaseous paraffins has been noted by various authors, and has been used to elucidate some of the 
steps in hydrocarbon oxidation (Ubbelohde, Proc. Roy. Soc., A, 1935, 152, 364, 378; Lewis and 
Von Elbe, “* Flames, Combustion and Explosions of Gases,"" Cambridge, 1938), 

One of the outstanding difficulties in substantiating the details of a scheme of oxidation for 
gaseous hydrocarbons is that the minimum temperature at which reaction can conveniently be 
observed at ordinary pressures is around 250°. At this temperature, labile reaction products 
such as hydroperoxides, whose constitution is particularly significant, are frequently too short- 
lived for identification except by special techniques (Egerton, Llewellyn Smith, and Ubbelohde, 
Phil. Trans., 1935, 234, 433; Ubbelohde, Drinkwater, and Egerton, Proc. Roy. Soc., 1036, 158, 
No, 878, 103). The guiding idea in the researches to be described is to discover which of the 
numerous reaction steps in the oxidation of hydrocarbons imposes the use of temperatures 
as high as 250°. In particular, the aim was to investigate how far the reaction rate was 
controlled by the postulated initial attack on the hydrocarbon 


X+ RH — > XH +R (A) 


where X may be any third body; im the main oxidation chain X is a peroxide radical 
(cf. Ubbelohde ef al., loce. cit.), 1.4., 


R+0O, —> RO, . . 1S ; . 
RO,+ RH —» ROOH +R |. | 


The experimental principle employed was to bombard the RH molecule with a large number 
of aldehyde peroxide radicals, at a temperature where the reaction 


a yu fy 
cH, + CH —> cHyce + cul” Riiirniiel 
O-O- OOH . 


is proceeding freely, and to investigate : 
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(a) Whether the result of the attack was to start Aydrocarbon oxidation chains according 
to (1) and (2) above; 

(6) Failing the establishment of such chains, whether there was any evidence for the 
formation of alkyl radicals under the initia! bombardment of hydrocarbon by aldehyde peroxide 
radicals, according to reaction (A), but without extensive sequences of (1) and (2); and 

(c) Failing either (a) or (6), whether there was any evidence of chemical! crossing of reaction 
chains at the temperature of the experiment. 

Possibility (¢) would have the great practical advantage of permitting the controlled 
oxidation of hydrocarbons in the vapour phase at much lower temperatures than usual; this 
could lead to interesting and valuable oxidation intermediates. 

Possibility (6) would be of very considerable theoretical interest, as indicating new facts 
about the kinetic characteristics of the oxidation steps for paraffins. The yields of interesting 
oxidation intermediates would, however, be much smaller since proportionally many fewer 
paraffin molecules would enter into reaction for each K radical formed according to (4) 

Finally, possitility (¢) would imply the need for very considerable activation energy, even 
for reaction (4) 

As is discussed below, the main conclusion was that none of the hydrogen compounds « 
lar exposed to bombardment by acetaldehyde peroxide radicals appears to undergo reaction 
according to (e). Heptane, hydrogen, and hex-l-ene give definite evidence of following 
course (6). This has theoretical as well as practical implications which are further detailed 
below 

EXPERIMENTAL. 

bE speremental Procedure —The maim lines of experimental procedure can be summarised by reference 
to Fig 1 {#8 is a Pyrex reaction tube, 3) cm. long, of internal diameter 45 cm., wound with 
nichrome wire and lagging, and heated electrically so as to maintain the gas flowing through it at any 
temperature up to approx. 360°. At the inner ends of a, 6, c, broken glass fragments and glass wool 
serve to produce turbulence so as to mix the gas streams. Normally one of these is pure nitrogen charged 
to « calculated partial pressure with acetaldehyde vapour. A second is air, which could be used to 
carry the XH molecules if these were required in the oxidation. The total flow in mols. /sec. was not 
appreciably affected when the second stream was carrying molecules of a compound XH (see Table | 
For mixing in hydrogen or additional nitrogen (Table | 6), a third stream was introduced as indicated in 
Pig 1 t&) 

Tame | 
Temp. of steep 
Total rate rise of 
Mixture. CH CHO XH O, N, of flow midation rate 
s CH CHO) (ref 
0-0937 Ooms ita Se 
142 ° 0-00937 omg woe 190 
1-982 0-0037 0-803 262 190 
oleae 00937 0-803 306 190 
0-100 0-0037 0-803 264 a0 
O10 00-0037 0 803 ai4 210 
+ unsaturated : 125 06-0937 0-803 280 a 1H 


* Additional N, in this mixture matches approx. the amount of XH in mixtures ¢ to ¢ 
Pigures are in 1vr* g.-mols. /sex 


by this means a mixture of acetaklehyde and (nitrogen NH) in approximately constant molar 
proportions flowed through the reaction tube at constant velocity he aim was to maintain 
substantially constant conditions for the aldehyde oxidation, except in so far as these were modified by 
the crossing of the aldehyde reaction chains with any reactions involving XH 

At # the condensing system was maintained at the temperature of liquid oxygen, the cold finger 
shown in Pig. | being cooled by means of carbon dioxide and alcoho! As required, this condensation 
vessel coukd be rapidly interchange! with samilar veasels, so as to permit collection of a series of samples 
without any interruption in the reaction flow The products were allowed to melt and were analysed 
as deacritexd below 

The reactions and the melting of the reaction products were carried out behind protective screens 
since when oxidation is extensive very considerable yields of peroxide might be formed. Actually only 
mild ignitions were observed from time to time when combustion was in progress 

A cross piece fitted with quartz windows was also provided in the reaction system near 4 This was 
for use in experiments on photochemocal initiation described in subsequent publications, but will not be 
referred to again in the present paper 

Eaperwmental Detatis Gases were taken from cylinders of compressed air and nitrogen at rates 
controlled by capillary flow meters with mercury manometers. Stream (4) (approx. 10 c.c./sec.) was 
nitrogen saturated at 0° with acetaldehyde vapour and shiekied from strong light. Stream (6) consisted 
of air normally saturated with various molecules XI! by maintaiming the appropriate liquid in a pair of 
<arburettors at the calculated temperatures. A third stream (c) was used for the compositions (6 
and (f)im Table I. This gave approximately constant composition, as is shown in Table I 
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Details of the carburettors are illustrated in Fig. 2. Tests showed that with carburettors in series 
no increase in their number beyond two further increased the content of the gas in aldehyde or in XH. 
¢¢., saturation was effectively attained 

Temperature control in the baths around the carburettors was by an immersion heater regulated by 
a Sunvic control 

M atersals.— Acetaldehyde. This was prepared by distilling paraldehyde with dilute sulphuric acid 
as required, using a current of nitrogen to t it from oxidation 

Benzene, tp. 548°. This was prepared by repeated crystallisation of “ AnalaR " benzene. thiophen- 
free. it was used with the carburettor vessel . to give 0 gaetia) pressure of 280 mm 

n-Heptane. This was prepared by fractionating and collecting the cut of b. p 
95-5--97°. Before fractionation unsaturated hydrocarbons ~— carefully removed on account of thetr 

ted action as inhibitors. The crude tane was stored over fuming ocleum for about a week 
with occasional shaking. It was then repea’ y washed with ony! pry hydroxide solution and 
then with water, and dried (Na,SO,) for 24 haw Carburettors at ve p ~ 280 mm. 

n-Hexane. This was prepared in the same way as #-heptane The Baal cet had b p. 67-6685" 
Both fractionations were carmed out in nitre Carburettors at 41° gave — pressure of 280 mm 

n-Hex-\l-ene. This was prepared by dchydrating n-hexy! alcohel by ey recom mended 
im Org. Synth. Vol. 1, p. 421 The fraction of commercial #-hexy! alcohol, p. 155-2--156-0", was 
debydrated with 50%, aqueous sulpburic acid, and the hydrocarbon was repeatedly washed with 
concentrated sodium hydroxide solution and then refluxed for 24 hours with two sucessive batches 
of 20% aqueous sodium hydroxide solution to remove any trace of sulphur compounds 

Final drying (Na,SO,) and fractionation through a column gave a cut of b. p. 61-04 No trace of 
sulphur compounds was detected in the product. This material was mixed with twice its volume of 
#-hexane and used with carburettors at 41° to give pf « 280 mm 





Pic. I Pia. 2 
































Combustion apparatus and vapourisers 


Hydrogen Taken trom cylinders, this was used without further purification. Its rate of flow was 
determined by a separate flowmeter and was adjusted to a value such that the amount of hydr 
passing through the combustion tube was comparable to the concentration of molecules XH coed te 
previous experiments. 

Preparation of the Reaction Vessel.—Before each run, the reaction vessel was cleaned with hot 
nitrating acid at about 80”, then with abundant distilled water, and finally dried with filtered air. The 
temperature was measured by a thermometer reading to 360° + 05° and wholly encased in « Pyrex 
tube which was likewise cleaned with nitrating acid etc. before cach run. The degree of reproducibility 
thus achieved was . as can be inferred, for example, from the results on the oxidation of pure 

: and 4). 


samples of exit gases were collected without the condensing 
——— Exit gases were analysed by a “ fountain ” gas-analysis apparatus which need not be 
detailed here 


hater wee ade ite on pase om Sear sant: 25 cc. of 


ys nner pte peed = ene any 
ea ee ter, 


ings "aqueous layer. The 
eater see for peroxide, acid 
In the case of n-heptane, recovered dad mewn —) ~ 
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fracthnated bp spain 6 gocntanty Sein <f the Sate af she setanien of XH which had reacted. Not 
more than 1% of the »-heptane given rise to oxidation products of comparable molecular weight 
More investigation of what happens to those molecules of XH which are attacked whilst 


pase the reacting aldehyde oxygen system requires special techniques, in view of the small 
amounts involved. This is being Camtes in a oe 


papers. 
Fine needle-like crystals were also isolated from the residues of fractionation. Qualitative tests 
showed this to be a polymerisation — of acetaldehyde. That it is probably metaidehyde seems 


to be confirmed (i) by m. p. ca. 125° and (ii) by the fact that heating them with a drop of dilute acid 
yielded acetaldehyde 


The aqueous layer contained unchanged acetaldehyde, formaldehyde, peroxides, and acids 
(chiefly acetic and peracetic) 
Fic. 3 Pia. 4. 
Effect of aldehyde /O,/N, ratio om the critical Effect of added molecules on the critical 
endatiom temperatare of acetaldehyde onidation temperature of an aldehyde 
O,IN, mixture 28: 1: 8-57 
































aed Pr 
Temoerature Temperature 


wel /Oy/N, rate : 57 “ Reference mixture Aid 'O.N, 24°15 857 
bei Oo, N, rato : F ‘ added hencene 
@ Puci ON, ratio = 47 ® + added nitrogen. 
added N, O + added hexane 
(- + added heptane 
& + added hydrogen 
is wen saleraled 


The peroxides were determined by filling comical flasks, containing aliquot portions of the scrubbing 
water with carbon dioxnle, adding potassium todide and dilute sulphuric acid, and allowing reaction to 
proceed for 2 minutes before titration with standard sodium thiosulphate solution. Prompt analysis 
of the peroxides was necessary after the melting of the condensate, since the concentration of peroxides 
im the scrubbing liquor decayed to one-half im ca. 15 minutes. This decay could be delayed by addition 
of free ackl to the scrubbing water In the experimental results given below, the data for peroxides 
were generally obtained within 23 minutes of melting of the condensate. They are believed to be 
fairly close to the initial concentrations present, unless the decay on condensation or on melting is much 
more rapid than the average estimated for the samples made up 

Actds formed were titrated with x-sodium hydroxide (phenoiphthalein 

my total aldehyde content was analysed by means of sodium sulphite (cf. Walker, “ Formaldehyde,” 

57) using thymolphthalein as indicator and titrating the alkali produced with n-sulphuric acid 
here required formaldehyde was determined separately by the method used by Egerton, Smith 
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and Ubbelohde (lec. cit). Addition of an equal volume of 10% sulphuric acid to the test solution 
cayenne the eansiien, $0 Go Eiiny aes res See SSO: Aan eS a ee 
determination of formaldehyde acetaidebyde which i present in appreciably greater amounts 
ves an immediate colour, but this fades in § hour, whereas that due to formakichysde does aot fade ta 

2 hours. 

During the analysis the purple tint due to the formaldehyde present was com ued 
with that produced by a standard solution, and the result ts included in the table 

Results. —(a) Oxidation of pure n-heptane and pure n-hexane. la confirmation as previous results, 
experiments which need not be recorded in detail showed that when various mixtures of these paraffins 
with oxygen and nitrogen in proportions similar to those in Table I were passed through the tus 
without acetaldehyde, the minimum ture at ban Bs we pre oxidation could be 
under the most favourable conditions was 250°. Products Fey ey much formaldehyde 

(b) Formation of acids and peroxides. With acetaldehyde it reaction either 
alone or in the presence of XH was in all cases the pony wn of the seetabtbede Curves in Figs. 3 
and 4 show plots of the aldehyde oxidised to peroxide and acid. The sum of the ¢ -equivs. of these two 
constituents produced under different conditions is expressed as a pe.cntage of the acetakieh 
originally present in the reaction mixture. Smooth plots are obtained with a steep rise at a critical 
temperature which depends on the mixture used and on ry, ae opens effects due to XH. For 
convenience these temperatures are listed in the last column of 

(c) Other oxidation products of acetaldehyde. Representative gas yrs are given in Table I! 
it will be observed that at the temperature of the experiment both carbon monoxide and dioxide are 





Taste Il 
Representative gas analysis (reaction tube, 200 Mixture Ia). 


Material. Supplied. Recovered. Material. Supphed. Recovered. 
Acetaldehyde 1-23 g.-equiv. 0-156 g.-equivs. Formaldehyde -- 0-022 g.-cquivs, 
Oxygen 241 g.-cquivs. 6-029 g.-mols. Peroxide -— 0-085 tee 
co, O-0156 ja Acid - o135 
co 0-029 


detectable in the exit gases, the former in greater quantity. Other oxidation products of higher 
molecular weight are referred to above. 

(d) Ovidation of heptaidehyde by acetyl peromide radicals. As an addition to determination of the 
effect of added molecules on acetaldehyde oxidation (Table 1), taldehyde was introduced into an 
aldehyde oxidation at 200° (carburettors at 104"). About half it could be recovered under these 
conditions, the remainder being apparently oxidised. If the formation of the ee poe 


is an early step in hydrocarbon combustion, then the observations in the pevioee Sennen 

that, when the paraffin reacts, the corresponding aldehyde should be recovera A naan son 
fractionation of As te collected after passage through the oxidising aldehyde system gave no 
evidence of heptaldehyde formation. Further comment is reserved until larger quantities can be 
investigated. 


Discussion 


(1) Characteristics of the Oxidation of Acetaldehyde.—-In accordance with the results of other 
workers (cf. McDowell and Thomas, J., 1949, 2208, for recent references) curves A and B of 
Fig. 3 confirm that the oxidation of acetaldehyde proceeds at markedly lower temperatures 
and more rapidly for a fuel—air mixture of 28:1 thanof1l:1. The yields of acid and i 
(calculated as acetic and peracetic acids ) correspond with about 20%, of the aldehyde actually 
consumed in passage through the reaction tube. Gas analysis (cf. Table 11) shows the presence 
of some carbon monoxide and dioxide, as well as giving information on the amount of oxygen 
consumed. Although the oxygen is all accounted for, it is not clear what happens to 
the unrecovered acetaldehyde. Some of it polymerises to a rubber-like polymer which can be 
depolymerised on storage or boiling with water. 

(2) Effect of Hydrocarbons on the Oxidation of Acetaldehyde.-From Fig. 4 and Table I, it is 
evident that the added hydrocarbon XH inhibits the oxidation of acetaldehyde, when XH is 
hydrogen, hexene, or heptane. 

The order of increasing collision diameters (Table III) does not suggest any explanation of 
this inhibition in terms of a simple dilution effect. 


Tasze Ill. 
Molecule ........« remememengecmcss Colle Ny H,. C Hy. Cylye 
Collision diameter, a. . 4-66 3-18 20 5-18 By | 
Ct. Schuil, Pail. Mag., 1930, 28, 683 


When inhibition is observed it could in principle arise either by energy degradation on 
collision between the inhibitor and the activated chain carriers, or by chemical! reaction between 


the inhibitor and the chain carrier. The possibility of energy degradation is discussed under 
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(3), but in the authors’ opinion the inhibition can most readily be interpreted on the theory 
that acetyl peroxide radicais have a finite probability of removing hydrogen from each of the 
molecules XH, but with varying effectiveness. An order of increasing ease of removal would 
be as in Afi) to Aly) below 

From Fig. 4 it appears that the molecules nitrogen, benzene, and hexane behave substantially 
in the same way a..4d may be presumed to be inert on collision with acety! peroxide radicals. 
However the fact that heptane and hexene both have marked inhibitory effects could be 
reconciled with the apparent inertness of hexane and benzene if the probability of removal of 
hydrogen in the reactions A(i) and A(t) is markedly less than that in A(iii) and A(iv) 
Comparatively small differences in activation energy would suffice to give this effect. For 
example, if the activation for A(t) were 6 keals. greater than for A(iii), and the temperature 
independent terms in the velocity equation were the same, the rate of A(ii) would be one 
thousandth of the rate of A(i) at 460° K 


CH, 


Por 
0 


4 (ini) 
O-OH 


e) 


A liv) 
OOH 


CH, ? A(v) 
4) 

The hypothesis is that, when the reactions occur, the oxidation is inhibited because the new 
radicals produced fail to prolong the chains. As the temperature is raised oxidation proceeds 
once more, so that the inhibition is compensated. In principle this could happen either by 
further oxidation of aldehyde or by more important contributions to the overall oxidation 
from (1) and (2 So far as it has been possible to examine the condensates it seems unlikely 
that extensive chain oxidation of any of the hydrocarbons occurs, even at the critical reaction 
temperatures listed in Table I. The inference is that even when alky! radicals are produced 
by reaction (4) it requires a higher temperature before chain oxidation of the hydrocarbon 
will occur at all freely Thus esther step (1) of step (2) must have an activation energy which 
requires the temperature of 250° before a pure paraffin will be oxidised at al! freely 

What actually happens to the hydrocarbon radicals in the present set-up is still under 
investigation, but clearly they do not start the long oxidation chains which apply at 250° or 
above. It is significant that A(iv) occurs much more readily than A (ii), presumably owing to 
the smaller activation required to remove hydrogen atoms from the a-position relative to a 
double bond in an olefin, compared with the activation to remove hydrogen atoms from a 
paraffin (cf. Farmer, Trans. Faraday Soc, 1942, 38, 345 

(3) Inhibition of Acetaldehyde Oxidation by Molecular Hydrogen This striking effect may 
be akin to the inhibition of oxidation of pentane by molecular hydrogen in the region 260—280 
(Prettre, Compt. rend., 1936, 208, 619. Jost ( Explosion and Combustion Processes in Gases,” 
McGraw-Hill, 1946) has attributed this effect of hydrogen to its catalytic influence on the reaction 
walis An alternative explanation may well be that energy chain transfers are important in 
these oxidations (Ubbelohde, Proce. Roy. Soc., 1935, A, 153, 369 The well known effect of 
hydrogen in degrading the vibrational! energy by collision with carbon dioxide molecules (cf. the 
review in Reports Progr. Physics, 1948, 12, 264) may be paralleled by its effect in degrading 
the vibrational energy of chain carners before these have time to continue the succeeding links 
in the chain 

A third possible explanation would be that the acy! peroxide radicals use up both hydrogen 
atoms on collision, so that the chain is not propagated in the usual way 


Queens Universrry, Becrast Received, November 10th, 1949 
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148. Acenaphthene Series. Part III. Orientation of tert.-Butyl- and 
Di-tert.-butyl-acenaphthene, and Preparation of New Derivatives. 


By H. E. NOxsren and A. T. Perens. 


The butylation of acenaphthene by means of tert-butyl chloride and aluminium chioride, in 
carbon disulphide as a solvent, is shown to yield 2-fert -butylacenaphthene and 2 5-di-tert 
butylacenaphthene ® The onentation of these hydrocarbons is based mainly on their oxid 
ation to benzene-| : 23> 5-tetracarboxylic acid and provides the first u:stance of direct 
substitution of the acenaphthene nucleus in the 2-position 

The alkvlacenaphthenes are degraded to the corresponding alkylnapbthalenes and thus a 
hydrocarbon, first described in 1884, has been identified as 2. 7-di-tert.-butyinaphthalene 

New derivatives of 2-fert.-buty!- and of 2 


2 S-di-tert.-butyl-acenaphthene are prepared 

Tne butylation of acenaphthene was first recorded in Part I of this series (Peters, ]., 1942, 
562), where the reaction between a solution of the hydrocarbon in carbon disulphide and 
tert.-buty! chloride, in presence of aluminium chloride, was described. The separation of 
tert.-butylacenaphthene from the parent hydrocarbon and from the disubstituted product was 
a tedious process, but eventually the monoalkylacenaphthene was obtained in a small yield, 
but very pure, having m. p. 88-—88°5", whereas m. p. 73-—74° had been recorded previously 
Buu-Hoi and Cagniant (Rev. sci., 1943, 81, 72) gave m. p. 72° for trt.-butylacenaphthene, 
which they obtained in very poor yield from the products of a similar reaction without the 
use of a solvent. 

Ortentation of tert.-Butylacenaphihene.—Those substitution reactions of acenaphthene which 
lead to products that have been orientated (35 studies) are summarised in the table. 

Acenaphthene is generally attacked in the 3-position, rarely in the 1-position, never in the 
2-position, and in the 7-position only by oxidising agents. Some 2-substitution had been 
postulated but not proved in the case of benzylation 

From consideration of these results, the butylation of the hydrocarbon was expected to 
vield 3-tert.-butylacenaphthene, which orientation was accepted in Part I and by Buu-Hoi 
and Cagniant. 

In the present research, the tert.-butylacenaphthene was converted into fert.-butylnaphthalic 
anhydride and this was decarboxylated to 2-éert.-butylnaphthalene either by distillation with 
soda-lime at ordinary or reduced pressure, or by mercuration and decomposition, followed 
by treatment with copper-bronze in boiling quinoline. The 2-éert.-butylnaphthalene was 
shown to be identical with that synthesised unambiguously by Bromby, Peters, and Rowe 
(J., 1043, 144) This result indicated that the starting material had been 2(or 1)-¢ert.-buty! 
acenaphthene. However, Tsukervanik and Terentieva (J. Gen. Chem. Russ., 1937, 7, 637) 
stated that l-alkylnaphthalenes isomerise on heating to 2-alkylnaphthalenes and their state 
ment received some support from Mayer and Schiffner (Ber., 1934, 67, 67) and from Cullinane 
and Chard (Nature, 1948, 161, 690), although these workers employed temperatures above 400 
and catalysts. The reaction might therefore be explained by 3-éert.-butylacenaphthene yielding 
|-tert.-butylnaphthalene, which subsequently isomerised. No support could be found for 
this course of the degradation, for even when carried out under reduced pressure the reaction 
gave 2-tert.-butylnaphthalene only. 

In spite of the negative results previously recorded, it was again attempted to oxidise fert.- 
buty!naphthalic anhydride, and benzene-1 : 2: 3: 5-tetracarboxylic acid was obtained by means 
of nitric acid under pressure. It was thus proved conclusively that the butylation of ace- 
naphthene had yielded 2-tert.-butylacenaphthene. No rearrangement had therefore occurred 
in the degradation of this hydrocarbon to 2-¢ert.-butylnaphthalene. 

The butylation of acenaphthene therefore presents the first example of direct 2-substitution 
therein. The abnormal! orientation of the product is in agreement with the abnormal orient- 
ation frequently observed in the products of Friedel-Crafts alkylations in the benzene series 
(e.g., Ador and Rilliet, Ber., 1878, 11, 1627; Kelbe, Annalen, 1881, 210, 1; Pajeau, Bull. Soc 
chom., 1945, 12, 637; Essner and Gossin, idid., 1884, 42, 213; Fournier, ibid., 1802, 7, 651; 
Heise and Toéhi, Annalen, 1892, 270, 155). Moreover, naphthalene is generally attacked in 


* Richter's numbering of the acenaphthene system is used in this paper 


The onentation 
f many of these compounds amends that in Parts | and I! 


3B 
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the §-position in Priedel-Crafts alkylations (¢.g., Roux, Bull. Soc. chim., 1884, 41, 379; Ann. 
Chim. Phys, 1887, 12, 280 


Position of Position of 
Keagent ou betitu tion Reagent su betitu tion 
HNO, + AcOH a4 Maleic anbydride + AlCl, 
Poe (i, 3 Ph-COC] + AIC, 
ebay na OA } 4 603%, in CH, Ph-COocl + Alcl, 
® ! CH,Ph CO, + HF 
‘h CH (COD + AlCl, 
OC, NHyOOC] + AlCl, 
itt, ) CAnd . 
1, and bigO , Phenylethylurommam chiorkte 
H\SO, of CISO,H at © 
H,SO, at 100 
AcCl + AIC, 3, 1 (little) & 
HOA HF ip to 84%, . + Al, 
hehe HCN of H-C(NH)-NOCHCI 
H,Crcocl Ai}, be td H-CONMePh + POC, 
H,BeCOBr + AlCl, 7M Etfr + AlCl, 
Hy(CN) COC! AK, 3 CH,PhC] + ZnCl, ete 
tCocl + AIL PbO, + HOAc 
HyCIHCCH Ox | , PR(OAc), HOAc at 
HCO ! 3 (78% Cl, or Br, in sunlight 
| 18%, 
tHyto a i 
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| -tert.-Butylacenaphthene, a liquid, b. p. 155-—160°/0°8 mm., was synthesised by Buu-Hoi 
and Cagniant (A +, 1942, 80, 176) and was therefore quite different from the hydrocarbon 
inder disc ussior 

Onentation of Di-tert.-butylacenaphthene By analogy with the other reactions of acenaph 
hene and of monosubstituted acenaphthenes, it had been assumed that the di-tert.-buty! 
sxcenaphthene formed in the butylation of acenaphthene had the 3: 4-structure However 
li-dert.-butylacenaphthene was easily oxidised by sodiam dichromate in boiling acetic acid t 
li-ter?.-butyinaphthalic anhydride, which by means of nitric acid under pressure was con 
verted into benzene-l : 2:3. 5-tetracarboxylic acid Here, as in the case of the /eri.-butyl 
naphthalic anhydride, relatively high concentrations of nitric acid could be used in the oxid- 
ation, as the carbony! groups deactivated the nucleus sufficiently to prevent nitration The 
formation of benzene-1 : 2.3. 5-tetracarboxylic acid proved that at least one (fert.-butyl 
croup of di , but vlace nape thene is mefa to the ac ena} hthene bridge and 
group is in each ring of the naphthalene nucleus 

Mercuration and decomposition of ert.-butylnaphthalic acid produced 
tert dufvinat whereas mercul nan scomposition of fert.-butyl: 
had pr xduced iff it! separable mixture t » tert.-bulyinapathos i 
luded t) I utylacenaphthene molecule must be symmetrical! 
sec] Ue tly 


This stru f ’ ‘ er ver ¢-substituts 
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ace-substitution in dichlorination and dibromination of the hydrocarbon (see below and in 
Part I, Peters, /., 1947, 742). The first substituent would enter the 3-position, but as the 
4-position is blocked by such bulky groups in the 2-, 3-, and 5-positions, the second substituent 
would be forced to attack the acenaphthene bridge. ace-Substitution cannot be explained 
by the previously accepted 3° 4-structure 

Derwatiwes of 2-tert.-Butylacenaphthene and 2 : 5-Di-tert.-butylacenaphthene.—Several new 
derivatives of 2-/ert.-butylacenaphthene were prepared. From the facts that two mononsiro- 
2-tert.-butylacenaphihenes were isolated and that bromo-2-tert.-butylacenaphihene was only 
obtained in an impure condition even after repeated crystallisation, it can be deduced that in 
the 2-tert.-butylacenaphthene molecule two positions are approximately equally reactive 
These are probably the 3: 4-positions. If, as was done in the case of bromination, the reaction 
is carried to the di-substituted stage, one product only is obtained in a satisfactery yield and 
almost immediately in a pure state. 

The reaction of dibromo-3-tert.-butyinaphthalic anhydride with methylamine was of interest, 
for not only was the compound converted into its N-methylimide, but, also, even under mild 
conditions, one of the bromine atoms was replaced by a methylamino-group. Under similar 
conditions, ammonia only gave the mmude and left the bromine atoms unaffected. o-Phenylene- 
diamine yielded the yellow dibromo-9-heto-2'(or 5')-tert.-butyl-S’-asaphenalino(T’ : 8’ : 2: 1) 
benzsiminasole (1). 

From the general rules of substitution and from those of acenaphthene substitution, it can 
be assumed that the 3-position of 2 : 5-di-tert.-butylacenaphthene is the most reactive. The 
nomenclature of the many derivatives recorded in Part I] must therefore be amended accord 
ingly, the fert.-buty! groups being at positions 2 and 5, and the nitro- or bromo-group at 3 

Some further derivatives have now been prepared. Although 2 : 6-di-tert.-butylacenaphthene 
would not react with chlorine in chloroform solution, reaction proceeded smoothly in carbon 
tetrachloride. 3-Chloro-2 : 5-di-tert..bulylacenaphthene was also prepared, but less satis 
factorily, by means of sulphury! chloride in chloroform solution. The chloro-compound was 
oxidised, and in addition to the naphthalic anhydride derivative, some quinone was formed, 
as shown by its ability to condense with 3-hydroxythionaphthen to give the red 3’(or 4°) 
chloro-2' : 5'-di-tert.-butyl-2 : 1'-thionaphthenacenaphthenylindigo (11). The 4-chloro-3 : 6-d 
tert.-bulylnaphihalic anhydride yielded imides and also the canary-yellow 3’(or 4’)-chloro-9’ -heto 


2’ : V-di-tert.-butyl-8’-azaphenalino(7’ : 8'-2 : l)benriminazole 


Bir) (Br) 


The hydrocarbon reacted with 2 mols. of chlorine to give a dichloro-2 : 5-di-tert.-butyl- 
acenaphthene, As this compound lost much of its chlorine content upon oxidation, it can 
be assumed that the second chlorine atom had entered one of the ace-positions (cf. dinitro- 
2 : 5-dli-tert.-butylacenaphthene ; Part 11). 

2. 7-Di-tert.-butyinaphthalene._T wo di-tert.-butylnaphthalenes have often been isolated 


Gump (J. Amer. Chem. Soc., 1931, 58, 380) first recognised them as such, but Wegscheider 


(Monatsh., 1884, 5, 236) was the first to prepare them. One, m. p. 146-~147", will not form a 
picrate; the other (recorded m. p.s varying between 80° and 95") gives a picrate, m. p 157 
158°. Tsukervanik and Terentieva (Joc. cit.) are alone in recording m. p. 132°, picrate, m. p, 99", 
for a di-tert.-butylnaphthalene 

Contractor, Peters, and Kowe (j., 1949, 1993) obtained the above two hydrocarbons by 
the action of iert.-buty!] chloride and aluminium chloride on 2-lert.-butylnaphthalene, which 
had been orientated by Bromby ef ai. (loc. ctt.), thus showing that one fert.-butyl group in 
each of these hydrocarbons must be in a §-position. They also oxidised the lower-melting 
isomer by means of potassium permanganate to an acid, the composition of which corresponded 
to that of a mono-tert.-butylphthalonic acid. They therefore concluded that the lower-melting 
isomer contained the fert.-butyl groups in different rings. 

Price, Shafer, Huber, and Bernstein (J. Org. Chem., 1942, 7, 517) decomposed the picrate, 
m. p. 156-——156°5", to obtain a hydrocarbon, m. p. 80-82", raised by repeated recrystallisation 
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to 103.106". A mixture consisting of 2 parts of this recrystallised product, m. p. 103-104", 
and | part of the di-fert.-butylnaphthalene, m. p. 145-146", melted at 80-—82° and was identical 
with the hydrocarbon, m. p. 80-82", obtained by decomposition of the picrate, m. p. 156 
1566". The picrate was thus composed of 2 mols. of di-tert.-butyinaphthalene, m. p. 103-— 
104°, 1 mol. of di-tert.-butylnaphthalene, m. p. 145-146", and 2 mols. of picric acid, which 
constitution was supported by the analyses obtained 

In the present research, a specimen of the picrate, m. p. 157-~158°, was analysed, and its 
constitution agreed with that given by the above authors. It was decomposed, and the hydro 
carbon obtained was repeatedly crystallised from alcohol to give colourless, silky needles 
m. p. 102103 These needles were converted into a picrate, an egg-yolk-coloured powder 
m. p. 145-146", not previously prepared. This picrate was dissolved in dry alcohol and the 
required amount of the di-fert.-butylnaphthalene, m. p. 146—146°, dissolved in the same 
solvent, was added The mixture was boiled and, on cooling, the orange needies of the picrate 
m. p. 157-158", separated. They gave analyses agreeing with the formula given by Price 
et al. and they showed no depression of m. p. on admixture of the starting material 

Decarboxylation of 3: 6-di-tevt.-butylnaphthalic anhydride by soda-lime distillation, by 
copper-bronze in boiling quinoline, or by mercuration and decomposition, followed by copper 
bronze in boiling quinoline, yielded the di-tert.-butyinaphthalene, m. p. 102°5—-103°5" (picrate 
m. p. 146-1455 This hydrocarbon is therefore 2 : 7-di-tert.-butyinaphthalene, which formul: 
satisfies the requirements laid down by Contractor ef ai 

The reeearch is being extended to show whether other Friedel-Crafts alkylations « 
acenaphtwene yield 2-substituted derivatives, whether alkylating agents other than alky! halide 
and aluminiam chioride yield differently orientated products, and what action aluminiun 
chloride has on alkylacenaphthenes 


EXPERIMENTAL 
M p.s are corrected. Micro-analyses were carried out by Drs. Weiler and Strauss, Oxford.) 


2-tert Nutylacenaphthene A mixture of acenaphthene (308 g., | mol.), carbon disulphide (750 c « 
and aluminium chloride (54 g.. 02 mol) was stirred at room temperature and tert-butyl chloride 
218 cc, | mol.) was added dropwise during one hour Stirring was continued at room temperature 
for 3 howrs, and the whole then heated under reflux for 2 hours After standing overnight, the carbon 
disulphide solution was poured off and there remained a mixture of granular and tarry complex, which 
consisted mainly of di-¢ert -butylacenaphthene and aluminium chloride. The carbon disulphide solution 
was filtered thro coal, solvent removed, and the residue distilled at 765 mm (269 ¢., 64%) 
The fractions, b. p. | 335°, were redistilled at 7 mm, and the part, b. p. 160-174" (66 g , 16%), 
collected. This was recrystallised twice from acetic acid and then from methy! alcohol, giving colourless 
plates, m p 88-885" (Found: C, 01-35; H, 86. Cale. for C,,.H,,: C, 91-4; H, 86%) (Part I 
m. p. 73-74" for supposed 3-isomers The distillation under reduced pressure proved difficult but 
was indispensable, because fractional distillation at ordinary pressure and fractional crystallisation 
from a variety of solvents (ethyl alcohol, methyl alcohol, 2-ethoxyethanol, and acetic acid) failed t« 
separate the tert -butylacenaphthene from acenaphthene and di-fert -butylacenaphthene. The difhculty 
was that the distillates solidified very readily and that the substances involved sublimed casily; the 
apparatus therefore often became obstructed, yet any rise in pressure caused by such a blockage upset 
the separation, which can only be controlled by the temperature of distillation 

The above experiment was the best of the many carried owt under various conditions Nitre 
benzene, used instead of carbon disulphide, proved unsuccessful as a solvent On redistillation, the 
tert -butylacenaphthene distilled at 130—140°/1 mm 

The fPieraty separated in clusters of orange, microcrystalline needles, m. p. 121--123° (Pound 
C, 4; HL 4&8, N, 100. CyHy CSHMOLN, requires C, 60-1; H, 4-8: N, 96% \ stwphnate could 
sot be prepared 

The 1: 3: S-trimstrodensene complex was obtained as a yellow, microcrystalline powder, m. p. 149 
1k", softening at 145° (Found: N, 10-3. C,H, C,H,O.N, requires N, 90% 

Reaction between 3-PromoacenapAthene and tert.-Butyi Chloride, tert -Butyl Bromide. of n-Butyi 
Bromide im Presence of Sodium ——To a solution of 3-bromoacenaphthene (10 g¢) and tert -butyl chloride 
Le 125 mois) in extum-dried ether (0) ¢.c.) was added finely divided sodium (1-5 ¢., 1-5 mols 
and the whole was heated under reflux for 3 hours From the products, only 3-bromoac enaphthene 
could be isolated \ simular expermment with fert -buty!l bromide also afforded only unchanged bromo 
acesaphthene 

«Buty! bromide and 3-bromoacenaphthene reacted spontaneously under conditions similar t 
the above, and after 2 hours’ refluxing only acenaphthene, m p. and mixed m. p. 93-04", was isolated 
(cf. reaction between 3-bromoacenaphthene and «-butylmagnesium bromide; Kharasch, Sayles, and 
Piekis, |. Amer Chem. Soe, 1944 ant 

S-tert -Mutyinaphthal: Anhydrid This was prepared by oxidation of 2-fert. -butylacenaphthene 
secntially as described in Part I, but on about a double «ale it had m. p. 203-—204" (yield 56% 
raised by recrystallisation from acetic acid te 204— 2) depressed to below 180° on admixture with 
3 . 6-di-tert.-butyinaphthalic anhydride, m. p. 211-21 In Part Il, m. p. 201-202" was recorded 
tor the supposed ¢ uwomer 

N.(2-Hydrosvethy/)-3-tert dutyinaphthalimide To a solution of 3-tert -butylnaphthalc anhydride i 
boiling alcohol was added an excess of aqueous ethanolamine. The solution was kept at the boil for 
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15 minutes and then allowed to cool. Colourless, silky needles ted and were recrystallised from 
absolute alcobol; m. p. 167-168" (Found: C, 72-7; H, 64; N, 46 C,,H..O.N requires C, 72-7 
H, 64; N47 

Orsdation 7%) 3-tert -Butyinaphthalic anhydride. (a) With potassium pe ate. Pot 
permanganate (10 g.) was added to a solution of 3-éert_-butylnaphthalic anhydride (2 g.) in boiling 25% 
aqueous sodium hydroxide (106 c.c.), and the whole left on a steam-bath for 3 days; it was then almost 
decolorised. A little alcohol was added to destroy any excess of permanganate and the manganese 
dioxide was filtered off. The filtrate was acidified and extracted with ether. The ether was removed 
from the extract and the residue was stirred with ligroin; a solid separated which was extracted with 
ligroin-chioroform and left a white powder, m. p. 207-208" (decomp. ; shrinking from 200°) (Found 
C, 660; H, 46. C\,HyO, requires C, 57-15; H, 48%). It was impossible to crystallise this acid 
Its trimethy! ester prepared by means of diazomethane, after ated crystallisation from aqueous 
methy! alcohol, formed beautiful, colourless needles, m. p. 127-129" (Found: C, 60-45, 60-6; H, 61, 
58. C,,H,O, requires C, 66-7; H, 60%). The acid is therefore probably 4-tert.-tutyl-2 : 6-dicard 

rybencoyljormic acid (cf. Graebe and Bossel, Aunalen, 1806, 290, 206; Randall, Benger, and Groocock 
Proc. Rey. See, 1938, A, 166, 432, who obtained 2 ; 6-dicarboxybenzoyliormic acid by alkaline 
manganate oxidation of naphthalic anhydride and of acenaphthene, acenaphthenequipone, and 
carboxybenzoyl)acenaphthene, respectively 

(b) Weth witric acid. 3-tert.-Butyloaphthalic anhydride (0-5 g.), concentrated nitric acid (3 o.<.), 
and water (2 c.c.) were heated in a sealed tube to 200-—220° for 24 hours. The solution was evaporated 
until solid began to separate and then allowed to cool. The solid was collected, and dried at 100° 
and then im vacuo over phosphoric oxide and sodium hydroxide, to give a white powder, m. p. 249-245" 
(decomp , and at 240° as the anhydride (Found: C, 463, 462; H, 22, 23. Cale. for C,H,O, 
C, 47-25; H, 24% An aqueous solution of the acid gave, on standing, a white precipitate with 
hartum chloride solution, a reaction not given by benzene-1] : 2: 3: 4-tetracarboxylic acid 

The acid (0-25 ¢.) was covered with ether (10 ¢.c_), and diazomethane solution (from nitrosomethy! 
urethane, 3 c.c.) was added. Vigorous frothing occurred and after 30 minutes the solid was filtered off ; 
it was an almost colourless uitrogen-containing powder, which shrank a little below 300°, but -— 
further heating it turned yellow and eventually gave off a gas and charred with a little explosion 
filtrate was evaporated to dryness, and the solid crystallised three times from methyl alcohol to to 
colourless needles, m. p. 106-107", depressed to 90 93° on admixture of tetramethyl! benzene-1 : 2:3: 4- 
tetracarboxylate (Found: C, 52-0, 530; H, 456,43. Cale. for C,,H,O,: C, 542; H, 46% 

The product of oxidation with nitric acid was therefore mainly benzene-! 2. 3: 5-tetracarboxylic 
acid (cf. Bamford and Simonsen, , 1910, 97, 1904; Smith and Byrkit, timer. Chem. Soe, 1033, 56, 
4305). The impurities are probably due to products arising from attack on the nucleus carrying the 
tert-butyl group 

tert.-Butyl-i-naphthove Acids (cf. method of mercuration : Leuck, Perkins, and Whitmore, ]. Amer 
Chem. Soc., 1929, 61, 1835; Davies, Heilbron, and Irving, J., 1932, 2715).---Pinely rene S-tevt - 
butyinapbthalic anhydride (10 g.) was dissolved in water (500 c.c.) containing sodium hydromde (6-3 g., 
4 mols.) by refluxing for some time, a large flask (2 1.) being used in order to avoid frothing over in 
the later stage A boiling solution of mercuric oxide (8-6 g., | mol.) in a mixture of acetic acid (13 ¢.c.) 
and water (37 c.c.) was added, and the slightly red mixture, which was acid to litmus, was refluxed 
for 98 hours, during which the precipitate became a pure white. It was filtered off, washed, and refluxed 
with concentrated hydrochloric acid (100 ¢.c.) and water (200 «.<.) for 2 hours. A lump of solid was 
formed and this was dissolved in much alcohol. The solution was filtered from a finely-divided white 
solid, which was insoluble in sodium hydroxide solution and did not melt below 300 The aleoholi 
solution was filtered (charcoal) and evaporated to approximately 50 cc = It was allowed to cool and 
the precipitate collected. The tert.-butyl-l-naphihote acid (1-5 g.) crystallised from alcohol im colour- 
less, irregular crystals, m. p. 167-—169° (with previous sintering), unaltered by recrystallisation (Found 
C, 70-4; H, 7-2 Cyl, sO, requires C, 70-0; H, 7-4%) 

The residues were evaporated to dryness, yielding a cream-coloured powder, m. p. 110-150" (44), 
which had a distinct odour of 2-tert.-butyinaphthalene. Fractional crystallisation from aqueous methy! 
alcohol, with rejection of the least soluble portions, gave some colourless — and rods, m. p. 124 
127°, of an isomeric tert.-butyl-l -naphihow acid (Found: C, 76-9; H, 71 

2-tert.-Butylinaphihalene —(a) From tert.-butyinaphthalie anhydride beet. Butylnaphthal an 
hydride (5 g.) was distilled with soda-lime, giving a small yield of a colourless oil, b. p. 270° (uncorr.), 
which was converted into a picrate, m. p. 08- t depressed on admixture of authentic 2-fert 
butylnaphthalene picrate (Found: C, 57-65; 100. Cale. for C,,HygCgHyO,N,: C, 581; 
H, 46; N, 102%). When the experiment was repeated under reduced pressure (ca. 20 mm}, a mixture 
of unchanged anhydride and an oil was obtained. The latter, b. p. 275° , gave 2-fert -butylnaphthalene 
picrate, m. p. and mixed m p= 98-—99". 

(b) From the tert.-butyl-l-naphthove acids The crude acids (7 g.) (see above) were boiled with 
quinoline (20 c.c.) and copper-bronze (2-5 g.) (S d, Winslow, and Johnson, J]. Amer. Chem. Soc., 
1930, 52, 2083) and the mixture was distilled steam after acidification with hydrochloric acid 
Ether extraction of the distillate and evaporation of the ether gave a colourless oil (2 g., 39%). The 
picrate, m. p. 99—100°, prepared from it, showed no depression of m. p. on admixture with authentic 
2-tert - butylnaphthalene picrate (Found: C, 58-2; H, 4-6; N, 10-2%). 

Bromo-2-tert.-butylacenaphthene.—To a solution of 2-tert.-buty thene (5 g¢.) in cold carbon 
tetrachloride (50 c.c.) was added slowly and with shaking a solution 
in the same solvent (50c.c.). The mixture was 
bromide being evolved. The carbon 


were crystallised ai 
each of which gave, on ae area te rom alcohol, colourless needles, m. p. 145° (Found - 
C, 682; H, 675; Br, 2605. C,,H,,Br requires C, 66-4; H, 5-9; Br, 27-7%). The bromo-2-tert.- 
butylacenaphihenc obtained was therefore immure. 
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Dibromo-t-tert.-hutylacenaphthens —-Bromine (1-9 c.c., 2 mols.), dissolved in chloroform (40 ¢.c.), 
was added slowly and with shaking tu a solution of 2-sert.-butylacenaphthene (44 ) in the same solvent 
(6cc). The mixture was kept with occasional for 3 howrs and then a portion of the chioro- 

was replaced by absolute alcohol. On cooling, dibrome-2-tert.-butylacenaphthene (42 g, 60%) 
was mitted and recrystallised from absolute alec <chioroform in colourless pillars, m P 165. 
186-5" (Pound: C, 536: H, 45; Br, 43-6. C,,H,,Br, requires C, 52:2; H, 435; Br, 43-56%). It 
did not form a picrate in alcoholic solution 

Dibrome-3 tert nye ny Awhydride To a solution of dibromo-2-tert -butylacenaphthenc 
(2 g.) im boiling acetic acid (100 ¢.c.), sodium dichromate (8 g.) was added gradually and the solution 
was heated under reflux for 4 howrs, then poured into water, after standing, the colourless — 
was filtered off and extracted with boiling 5% aqueous sodium carbonate. The extract was acidified 
and the resulting solid crystallised from acetic acid containing a little acetic anhydride in colourless 
silky needles tes, m p. 318-219" (Pound: C, 4696; H, 2-9; Br, 30-5. C,,H,,O,Br, requires 
C, 466; H, 208; 38.9%), both forms sepe rating simultancously , this phenomenon was also noticed 
with 3 6-di-éert -butyinaphthalic anhydride 

Derwatioes of Dibrome-3-tert -butylnaphthalic Anhydride —On being heated under reflux with 
excess of aqueous ammonia (d 6-88), an alcoholic solution of the anhydride gave dsbromo-3-tert -butyl 
naphihalimde, which crystallised trom absolute alcohol im very pale yellow ~—_ m. p. 294-295 
(Found: N. 34; Br, $63. C,,H,,O,NBr, requires N, 3-4; Br, 38-09%). On using 33% aqueous 
methylamine instead of ammonia in a similar reaction, there were obtaind lemon-coloured needles, 
m. p. 301-202" (Found : N,6@35; Br, 222. ©,,H,,0,N,Br requires N, 7-5; Br, 21-3%. C,,H,,O,NBr, 

ives N. 3-3; Br, 37-46%). In the reaction with methylamine, therefore, not only was the N-methy! 
tank formed, but one bromine atom had been replaced to a large extent by a methylamino-group 
The anhydride (6-6 ¢ | and o-phenylenediamine (0-15 ¢ ), refluxed in acetic acid for 15 minutes, afforded 
dibromo-W -heto-Y (ot 5’) tert -teatyl-8’ Aenalino(T’ : 8-2: l)bensiminazole, which crystallised from acetic 
acid in yellow needles, m p. 250-251" (Found: N, 57; Br, 33-4. C,,H,,ON,Br, requires N, 5-8 
Br, 33-11% 

Niiro-2 tert. -butylacenaphthenes To a cold solution of 2-tert -butylacenaphthene (5 g.) in acetx 
ack! (200 cc.) was added nitric acid (1-65 c.c., 1-1 mols.) dissolved im acetic acid (50 ¢ c.); the solution 
which turned yellow, was kept for | hour, then evaporated to small bulk. On cooling, a yellow semi 
erystalline precipitate separated and this was crystallised three times from absolute alcohol, yielding 
yellow plates, m p. 158-150" (04) (Pound: C, 761; H, 66; N,&7. C,H,,O,N requires C, 75-3 
H, @7; N, 55% From the mother hquor was obtained by repeated crystallisation from alcohol a 
very small quantity of yellow needles, m p. 208--210", with previous softening (Found: N, 5-0%) 
Two isomeric sifro-2-tert.-butylacenaphthenes were therefore formed in the nitration of the hydro 
carbon 

Nitro-3-tert. -butyinaphthalic Anhydride —Onidation of the nitro-2-tert -butylacenaphthene, mp 
158-159" (0-4 g), with sodium dichromate (2 g.) in boiling acetic acid (30 cc.) for 3 hours yielded 
by the usual procedure, some yellow crystalline masses and plates, m. p. 194-—-195", of wifro-3-tert 
butylnapAthalic anhydride (Pound: C, 646; H, 46; N, 46. C,,H,O.N requires C, 64-2; H, 4-35; 


N, 47%) 

2 Pos tert. -butylacenaphihene (cf. Part I) —This was prepared essentially as described formerly 
for the supposed 3° 4-isomer, but on a four-fold scale; it formed colourless needles, m. p. 162-5—163-5 
(Part I, 162163"). There remained in the flask a fluorescent, orange tar, which on cooling set to a 
glass, b. p. ca. 220°0-5 mm. (Found: HM, 83. Cale. for C,,H,,: H, 10-6%). This analysis does not 
support «- Hot and Cagniant’s suggestion (Joe cif.) that this consisted of tri-tert.-butylacenaphthene 
The glass may be of the nature of the yellow-green, fluorescent oil obtained by Niggemann (Chem 
Zentr., 1919, IT, 584) by boiling acenaphthene with aluminium chloride 

The picrate had m. p. 165-—165-5° (Part I, 164"). The 1: 3: 5-trinitrobenzene complex was obtained 
im orange rosettes of needles, m. p. 205-206", from absolute alcohol (Found: N, 8-75. Cale. for 
Cygthys CgH,ON N, 58% 

3° 6. De-tert hutyimapashals anhydride (cf. Part 1).—The hydrocarbon was oxidised as before to 
this anhydride; mp. 211.212" (211° in Part I for supposed 4: 5-isomer 

N-(2-Hydrosyethy!)-3 6-ds-tert. -butylnaphihalimide —To a solution of the anhydride (1 g) in boiling 
aloohol (60 c¢ ) was added an excess of aqueous ethanolamine and the whole was heated on the steam 
bath for 10 minutes The naphthalionide, which separated on cooling, crystallised from alcohol in silky 
colourless needles (0-8 g}, m p. 248° (Found: C, 75-0; H, 76; N44. C,,H,,O,N requires C, 74-8 
H, 7-65; N, 40% 

Nitric Acid Ovidation of 3: 6-Di-tert.-butyinapathalic Anhydride —A mixture of the anhydride 
75 ¢), water (2 c« and concentrated nitric acid (4 cc) was heated in a sealed tube at 160—180 
for 24 hours Two such experiments yielded a few insoluble pale yellow plates, m. p. up to 170°, which 
were filtered off. The filtrate was evaporated to dryness, yielding a white powder, which under the 
microscope appeared as masses of tiny crystals. These melted at 252-254", shrinking a little before this 
temperature was reached and giving an opaque liquid which decomposed at 256——257°. On cooling 
the liquid solidified immediately and on reheating was clear again by 237°. The powder was extremely 
soluble in water and an aqueous solution gave, on standing, a white, microcrystalline precipitate with 
barium chiorkde solation. The powder was benzene-! 2:3: 5-tetracarboxylic acid (Found: C, 47-0; 
H, 24. Cal. for C,H,O,: C, 472; H, 24% The tetramethyl ester was prepared by means of 
diaromethane in ethereal solution and, after crystallsing twice from methy! alcohol, formed rosettes of 
colourless plates, m. p. 100--110° (Found: C, 53-95; H, 43. Calc. for C,,H,,O,: C, 542; H, 45%) 

In another experiment under the same conditions but with 10 g. of anhydride, the solution was 
aot evaporated to dryness, but was allowed to crystallise when it had been reduced to small bulk 
Rosettes of needles were obtained and these, crystallised from water, softened at 180°, and melted at 
196-198" (Found: C, 546; H, 56 C,,H,,O, requires C, 58-6; H, 5-3%); when dissolved in water 
they gave an immediate precipitate with bartum chloride solution. The analysis approximated to that 
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of a tert.-butylbenzenctricarboryiic acid. It cam be concluded with certainty that the naphthalene 
mag had been oxidised before the butyl group was attacked 

3-Chloro-2 . 5-di-tert -butylacenaphihene—To a cold solution of 2: 5-di-tert.-butylacenaphthene 
10 g.) in carbon tetrachloride (0) ¢.c.) was slowly added with frequent shaking during 30 minutes a 
solution of chlorine (3 g.. 1-1 mols.) in the same solvent (50 cc); the solution was then kept with 
occasional shaking for | howr. Most, bet not all, of the carbon tetrachloride was then evaporated off, 
and the remainder gradually replaced by absolute alcohol. On cooling, slightly yellow needies (7:8 g.. 
69%), m p. 118—119°, separated. By repeated crystallisation from absolute alcohol, 3-cAloro-2 ; 5- 
di-tert -butylacenaphthene was obtained as colourless rods, m 124-125" (Found: C, 80-2; H, 8-4; 
Cl.12-2 C,H, Cl requires C, 70-0; H, 84; Cl, 11-89%). In chloroform solution, or in hot acetic acid, 
there was no reaction between chiorme and the hydrocarbon 

Alternatively, sulphuryl chioride (3-1 c.c., 1 mol.) was added to a solution of 2. 5-di-tert.-butyl- 
acenaphthene (10 g.) in chloroform (50 c.c.); after reaction had subsided, the mixture was heated 
under reflux for 2 hours, then poured into absolute aloohol, and the whole tly cencentrated, then 
cooled. Impure 3-chioro-2 : 5-di-dert.-hutylacenaphthene (7 g.. 62%) crystallised out in yellow roda, 
m. p. 118—110°. This product was not as pure as that obtained above; from the most insoluble 
portion some orange needles, m. p. 200-300" (Found : Cl, 5-4%), were isolated 

3-Chloro-2 . 5-dt-tert -butylacenaphthene picrate was obtained from alooholic solution as red needles, 
m. p. 151-—152° (Pound: N, 79; Cl, 74. Cy H,,CLC.H,O.N, peepee N, 70: Ci, @ 7%) 

4-Chloro-3 . 6-ds-tert -utyinaphthalhic Anhydride —-3-Chioro-2 : 5-di-tert -butylacenaphthene (3-5 g.) 
was dissolved in boiling acetic acid (150 cc), and sodium dichromate (12 g.) added gradually. The 
whole was refluxed for 2 hours, powred on ice-water, and filtered off after standing. The pale yellow 
powder (3-3 ¢, 82%) thus obtained was crystallised once from acetic acid and once from absolute 
alcohol, yielding colourless, irregular plates of the anAydride, m. p. 170-5-——171° (Found: C, 60-6 
H, 58; Cl 10-0. C.M,,O.Cl requires C, 69-7; H, 61, Ci, 103%) 

The naphthalimide crystallised from absolute alcohol in colourless needles, m. p. 204° (Found 
C, 73; H, 68; N, #2, Cl @7. CyH,O.NCI requires C, 60-9; H, 64; N, 1; Cl, 103% The 
N-methylimade separated from alcohon solution in colourless needles, m. p. 265° (Found: N, 42 
€4,H,,O,NCI requires N, 3-9% Sor 4')-Chloro-9-keto-2’ : 5’-tert -butyl-# -acaphenalino(7’ : 8: 2: 1) 
heneiminazole crystallised from acetic acid in canary-yellow rods, m. p. 276--272" (Found: N, 7-2 
Cog, ON,Cl requires N, 6-7% 

3(or 4)-Chloro-2' | 5'-di-tert.-butyl-2 | 7'-thionaphthenacenaphthenylindigo —To a solution of 3-chloro 
2: 5-di-tert.-butylacenaphthene (3 g.) in boiling acetic acid (50 ¢ c.) was added all at once roughly ground 
«xiiam dichromate (10 g.), and the mixture was stirred and kept gently boiling for 4 minutes after 
the reaction had subsided It was poured on ice-water and filtered The solid (3 ¢.) was extracted 
6 times with boiling 5% aqueous sodium carbonate (1 1.) Acidification of the combined extracts 
yielded 4-chioro-3 . 6-di-tert -butylnaphthalic anhydride (1:5 g The insoluble, straw-coloured residue 
mp. 135-—138° (1-3 ¢), was condensed with 2-hydroxythianaphthen by boiling in acetic acid-hydro 
chloric acid (10:1) for 5 minutes to yield a thioindigoid dye, which crystallised from acetic acid in bright 
red needles, m. p. 269.270" (0-4 ¢.) (Pound: Cl, 7-5; 5S, 70. CysH,O,CIS requires Cl, 7-7; 5, 
695%). This was equivalent to the presence of @3 g. of 3-chioro-2 : 6-di-dert.-butylacenaphthene 
quinone, which was thus formed in 9% yield in the above reaction 

3° T(or 8)-Dichloro-2 : 5-di-tert.-butylac hene 2: 5-Di-tert.-trutylacenaphthene (5 g.) was dis 
solved in carbon tetrachloride (50 c.c.) and, during 30 minutes, a solution of chlorine (2-7 g., 2 mols 
im the same solvent (50 cc.) was added with shaking. The solution was kept for another 30 minutes 
and some of the carbon tetrachloride was then evaporated and the remaimder gradually replaced by 
absolute alcohol. On cooling, there separated an oil, which on repeated crystallisation from absolute 
ulcohol yielded colourless needles, m. p. 1390-141" (0-5 g., 8% Found Cc, 71-5; HM, 68; Cl Ml 
Cyl, Cl, requires C, 71-6; H, 7-2; Cl, 21-2% 

Oxidation of the dichloro-compound with sodium dichromate im acetic acid solution gave a small 
quantity of solid, which crystallised from aqueous alcohol in small irregular plates, m. p. 170-~—172", 
not depressed on admixture of authentic 4-chloro-3 : 6-di-tert.-butylnaphthalic anhydride (Found 
C, 689; H,57; C118. Cale. for CH,,0,C1: C, 607; H, 61; Cl 103%) These results suggested 
that the second chlorine atom had entered the di-tert.-butylacenaphthene molecule in one of the ace 
positions 

3: 6-Di-tert.-butyl- 1 -naphthoc Acid ——Finely-powdered 3 . 6-<i-tert -butyinaphthalic anhydride (13 ¢.) 
was boiled with a solution of sodium hydroxide (10 g.) in water (500 cc.) but only partly dissvived 
\ hot solution of mercuric oxide (9-1 ¢.) ina mixture of acetic acid (10 c.c.) and water (30 c.c.) was added 
A reddish precipitate formed and the whole was heated under reflux for 60 hours in a 2-1 flask 
precipitate gradually became white; it was filtered off; some globules of mercury had formed. The 
solid was boiled with dilute hydrochloric acid for 2 hours and filtered off. The insoluble material was 
dissolved in acetic acid, and the solution filtered from a white substance, m. p. > 300", and allowed to 
cool. 3: 6-Di-tert.-butyl-l-naphthoic acid (5 g., 42%) separated, and two recrystallisations from acetic 
acid, in which it is very soluble, gave small clusters of crystals, m. p. 197-198" (Found: C, 803; 
H, 84. C,,H,.O, requires C, 86-3; H, 845%). A second (}7 ¢., 31%) was obtained and from it 
crade di-tert -butytnaphthoic acid and crude di-tert.-butyinaphthalic anhydride could be isolated 

Dervoatives of 3 : 6-di-tert.-butyl-l-naphthere acid. From absolute alcohol, the amide was obtained 
as colourless, microcrystalline needles, m. p 212213" (Found: N, yH ON requires N, 
495%), and the p-tolwidide as colourless, irregular plates, m. p. 221-6—222-8" (Pound: N, 3-35 


CygHy,ON requires N, 3-75%) 

2: 7-Ds-tert.-butyinaphthalene.——From 3: 6-di-tert ic anhydride, Soda-lime distill- 
ation of 3: 6-di-tert.-butyh thal anhydride (5 g.) on crystallisation from aqueous alcohol, 
colouriess needles, m. p. 102—103° (0-5 g.). Refluxing the anhydride (5 g.) with quinoline (10 ¢.¢.) 
and copper-bronze (2.5 g.) for 50 minutes and steam-distilling the product an acid solution gave 
a substance, m p. 103—104° (03g). From the residues was recovered crude anhydride (3-8 ¢_) 
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Prom 3: 6-di-tert.-tutyl-) -uaphthoic acid. The acid (1 g) was refluxed in quinoline (2 cc.) in the 
presence of copper-bronze (0-5 g } for 30 minutes and the whole was poured into excess of dilute bydro 
chiorts acid. =Distillation with steam yielded a solid, m p. 102-103" (0-45 g ) 

The products of the above experuments were cry stallised together from alcohol, giving colourless, 
silky needion, m p. 1025-—103-5" (Pound: C, 061, H, O85. C,H, requires C, 800; H, 100%), of 
2: T-de-tert. +utyinaphthalens, The picrate, prepared in alcohole solution, was obtained as yellow, 
microscope crystals, m p. 145--1456° (Pound: C, 61-4; H, 56; N, 006. C,,H,,¢ HON, requires 
C, 6-4; H, 58; N. 605% 

From naphthalens, The di-tert.-butyinaphthalene picrate, m. p. 157-158", was prepared by the 
method of Hromby of al. (lx “) (Pound C, 67-7; H,@7 N. 64 Cak. for C,,H,,.O.N,: C, 672 
H, 665, N. 715% It was decomposed with 5%, aqueous sodium hydroxide and the hydrocarbon 
™. p 82-45", obtamed was repeatedly crystallieed from alcohol to give colourless, silky needles, m. 7 
102-103", not depressed on admixture with the 2 7-di-sert -butylnaphthalene prepared as above 

To « boiling solution of this compound (@3 g.) in dry alcohol (1-5 ¢.c.) was added a solution of piers 
acid (03 «.) io the same solwent (1-6 cx The colour deepened to orange and, after a few seconds 
boiling, the mixture was allowed to cool There separated an egg-yolk-coloured compound, m p 
145-.-146° (5 g ), not depressed on admixture with the 2 7-di-éert.-butyinaphthalene picrate prepared 
as above 

To a solution of the picrate (0-5 g.) in boiling dry aleohol (5 c.c.) was added di-tert.-butyinaphthalene 
m p 146-1466" (015 @), dissolved tn the same solvent (35 cx The mixture was boiled for a few 
seconds and allowed to cool, whereupon orange needics (55 ¢) crystallised out mp. 157 158° 
fot depressed on admixture with the picrate, m p 158°, used as the starting material (found 
C, 67-6; H, 66; N, 735. Cale. tor C,,H,,O,,N, 67-2; H, 665; N, 7-15% 
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149. The Formation of $8'-Thiodipropionitrile (Di-2-cyanoethyl 


Sulphide) and a Study of its Derivatives. 
By J. H. MacGrecor and C. Puen. 


The formation of £8’-thiodipropionitrile (di-2-cyanoethy! sulphide) during the reaction of 
viscose and acrylonitrile and its separation from the reaction mixture at low temperatures are 
reported Preparation of the corresponding acod and a number of its derivatives is described 


sation products of the acid and of the derived sulph with glycols aod diamines 


eters and | ave no useful Hbre-form properties 


Wuewn acrylonitrile mee (i sxlium cellulose xanthate in dilute 
aqueous sodium h 0 t! " » change ts normal! gol vwown shade to olive 
green within a f mis , gor ’ i. s Dyer ; f., 1948, 64, 71 
Holhhan and Mow od. En te 7 ttributed this ! to the reaction 
of the acrylonitri t! prods : 2 t ul mate ar sxlium sulphide 
present in ¢t } -, wh f t t! i " ni 1-2 v3 thyl suly hide 
although id is product 

During ‘ tigation f ‘ lds Lt acG reg ugh, Appin 


No, 31,650/19047) in produ t , hers tm of . wi acrvlo 


nitrile at 16° we } $8°-thiodipropionitrile in h thi adily le material 


we have vests ed t production and properties 

thaxhpromonitrie has been dex ’ musi | ; Nekrasov 
CAcm. S 1027, 58. v2)! D.R..P. 660,961 (ers ar re 4 mer 
Chem. S ivs?, 68. 2 Although closely related to mustard g: t vesicant 
Hydrolysis with boiling concentrated } iloric acid (cf. Nekrasov, / i.) produced the 
corresponding acid thralipropmonic a i arboxyethy! sulphide), in almost quantitative 
yield The acid is of similar strength to adipic acid (K, 84 =x 10° and A, 21 lw, 
determined by electrometric titration: cf. Britton Hydrogen lons,”” London, 1929 p. 144). 
Various alkyl. and aryl-amides, and esters were prepared by standard methods 
ef. Experimental Oxidation of the acid with bromine water gave a good vield of the 

corresponding sulphone, which, unlike the parent acid, afforded a crystalline dimethy! ester 
86°-Thiodipropionic acid and the derived sulphone were condensed in various ways with 
ethylene and trimethviene givcols and with hexamethylenediamine (see |} xperimental), but 


the fibre-forming properties of the products were not encouraging 
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EXPERIMENTA*. 


Isolation of B8'-Thiodspropionitrile.—-Viscose (30 kg.), containing 77-75% by wt. of cellulose (1 mol. 
as anbydroglucose) and 62% by wt. of sodium hydroxide and having a “ salt index " figure of 5-5, was 
cooled vo 10° and mixed with acrylonitrile (995 c.c., 1405 mols The reaction mixture was stirred at 
10—-15° for 3 hours and then filtered at 40 Ib _ in. through one plate (300 sq. in.) of a filter press 
wrapped with a layer of swansdown and a fine calico filter cloth e residue was stirred with water 
at 15° and filtered at the pump through a Whatman No, 54 filter paper e+ ag of the resxdue with 
water (at 15°) was continued until the filtrate was free from sodium hydroxide he crude nitrile was 

urified (4) by recrystallisation by cooling the aqueous solution slowly from 25° to 5° or (6) by fusing and 
ting it to ca. 140° (most of the water evaporating) and then Gitering it through a Whatman No. | 
filter paper. The clear liquid (250 g.) was allowed to solidify. Kecrystallization of this product from 
ether gave colourless odourless needles, m 28° (Nekrasov, loc. eit., gives m. p. 24-25") (Found: N 
(Kjeldahl), 199; S, 22-0. Calc. for CH,NS: N, 20-0; 5, 22-09%) 
88°-Thiodipropionic Acid.88' -Thiodipropionitrile (180 g.) and concentrated hydrochloric acid 
(700 c.c.) were shaken vigorously at room temperature and then heated uader reflux for 2 hours on a 
steam-bath. After cooling, the solid was filtered off, washed with cold water, and dried at 105°, giving 
88'-thiodipropionic acid as colourless crystals, m. p. 131--132°. Keorystallixation from water 
(" Acticarbon "") raised the m. p. to 134° (Nekrasov, joc. cit., gives m. p. 128") (Found: 5, 182. Cale. 
for C,H,O,5: S, 180%). The disodium salt, colourless crystals (from ethanol), did not melt below 
300° (Found: S$, 14-3; Na, 20-7. C,H,O.SNa, requires S, 14-4, Na, 20-79%). The bisethylenediamine 
salt formed colourless crystals (from ethanol), m. p. 154" (Found: N, 11-6. C,H,,O.N,S requires 
N, 11-8%). The dimethyl ester, prepared by methanol and sulphuric acid in 00%, yield, was a pale 
straw-coloured liquid, b. p. 158—159°/10 mm., with a rather unpleasant smell (Found: 5S, 15-2 
C,H,,0,5 requires 5, 15-59%) 

the acid (178 ¢.. 1 mol.) and urea (60 g., | mol.) were intimately mixed and heated at 160-170" for 
6 hours. Three recrystailisations of the crude product (150 g., 86%) from ethanol (" Acticarbon "’) gave 
the diamide in colourless lustrous plates m.p. 142° (Bennett and Scorah, /., 1927, 194, give m. p. 177 
178-5") (Found: N, 16-8; S, 182. Cale. for C,HyO.N,S: N, 15-9; S, 182%) 

When prepared from the diamide (0-05 mol.) and the appropriate aleoho!l (0-1 mol.), the didederyl 
and dihexadecyl esters formed colourless waxy crystals, m. p. 30° (Found: S, 64. C,H,,O,5 requires 
S, 62%), and m. p. 53-5" (Found: 5S, 52; C,,H,,O,5 requires 5, 51%), from ethanol and acetone 
respectively (cf. B.P. 592,106). 

The diamide (8-8 g., 0-05 mol.) and »-<dedecylamine (18-5 g.. 01 mol.), when heated for 5 hours at 
170180", gave NN’-di-n-dodecyi-B3'-thi 7 yy as a colourless micro-crystalline substance 
(from ethanol) with a waxy feel, m. p. 140° (Pound: N, 64; 5,63. C,H.O,N,5 requires N, 55 
S, 63% 

The NN-di-n-hexadecyl-amidse, m. p. 131° (Found: N, 44 
similarly prepared 

BB’. T hodipropionaniide.—Heating 88'-thiodipropionic acid (89 g.. 0-05 mol.), aniline (0-3 g.. 
0-1 mol), pyridine (10 c.c.), and phosphorus trichloride (6 cc.) for 4 hours at 115° (cf. Hopper, 
MacGregor, and Wilson, /. Soc. Dyers and Col., 1939, 65, 449), and recrystallisation of the product 
from ethanol (“ Acticarbon “) gave the dianilide as colourless crystals, m. p. 165° (Bennett and Scorah, 
loc. cit., give m. p. 163-5") (Found: N, 8&4; S, 98. Calc. for C,,H,O.N,S: N, #5; S, 08%) 

B8’- Thodipropio-p-toiuidide.— The di-p-toluidide was prepared as above. Kecrystallisation from 
ethanol (“ Acticarbon “) gave colourless crystals, m. p. 199° (Found: N, 7-7; S, 00. C,H,,O.N,S 
requires N, 7-9; S, 0-0% 

B8’-Thodipropionantiic Acid.—BB8'-Thiodipropionic acid (17-8 g.. 01 mol.) and aniline (93 ¢ 
0-1 mol.) were heated with fused zinc chloride (2 g.) at 150--160° for 2 hours (cf. Pressman ef al., |. Amer 
Chem. Soc., 1948, 70, 1352). The warm, fluid reaction mixture was poured into 220 ¢.c. of »-sodium 
hydroxide, and the whole refluxed for | hour. The mixture was filtered hot and the filtrate acidified with 
concentrated hydrochioric acid This preci pitated the monoanilide, which was cooled, filtered at the 
pump, and washed free from Cl’ and Zn“ ecrystallisation from water gave the acid as small lustrous 
plates, m. p. 128° (Found: N, 53; S, 127%; equiv., 200. C,,H,,O,NS requires N, 55; 5S, 126% 
equiv., 253 

. B8'-Thodipropio-p-toluidinic acid, prepared similarly, and recrystallised from water, formed fine 
colourless needies, m. p. 134° (Found; N, 52; S, 11-89%; equiv., 263. C,,H,,O,NS requires N, 5-2; 
S, 120%; equiv., 267 

Di-(2-carborvethyl) Sulphone —B8'-Thiodipropionic acid (44 g.) was covered with 440 c.c. of water, and 
25 c of bromine were added gradually. The reddish-orange solution was set aside at room temperature 
for | hour and then heated on a steam-bath for 30 minutes, filtered hot, and allowed to cool, The solid 
product was washed with water and dried at 110°; the sulphone (669%) melted at 219-—220° (Found 
Ss, 150 Cale. for alt ye! LP S, 15-2%) 

The acid (30-4 g.), methanol (304 c.c.), and concentrated sulphuric acid (15 c.c.) were refluxed for 
12 hours and then allowed to cool slowly. The dimethyl ester which crystallised was filtered off, pressed 
dry, washed with dilute sodium carbonate solution, and then water. Recrystallisation from methanol 
gave a product melting at 115° (Found: S, 134. C,H,,0,5 requires 5, 13-4%. 


‘ 


C,,H,,O,N,S requires N, 45%), was 


Polymers. 


Polyesters.—(a) $8'-Thiodipropionic acid (89 g.) and ethylene glycol (2-82 c.c., 105 mols.) were 
heated in a metal bath at 190°/15 mm. for 3hours. A slightly viscous golden liquid was obtained. The 
liquid was then heated at 220°/2 mm. for 5 hours, giving a golden-yellow viscous oil, insoluble in water. 

(b) Trimethylene glycol, brought into reaction similarly, gave a highly viscous oi) whence very small 
colourless crystals, m. p. 40°, were obtained by means of acetone and “ Acticarbon.” The polymers 
from both glycols yielded no fibres and were probably of relatively low molecular weight. 
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{e) Di-(2-carbomethoayethy!l) sulphone (11-9 g.), ethylene glycol (4-2 g., 1-35 mols.), and anhydrous 
potassiam carbonate (0-1 g ) were heated for 2 hours at 160-—200", then for 2 hours at 220-——240° 3 mm 
and for 6 hours at 25).-260°/3 mm. The product was a dark brown solid, m. p. >285°. Poor fibres 
could be drawn from the melt 

With lithium methouide as catalyst, pronounced decomposition of the sulphone occurred at the 
reaction temperature (240.300°). giving a black porous brittle — 

in beth cases, but more markedly wrth the lithiam methoxide catalyst, unpleasant-smelling volatile 
by-prodacts were obtamed 

(4) Di-(2-carbenyethy!) sulphone (10-5 @.), ethylene diacetate (105 ¢. 1-44 mols), and toluene 
pP-sulphonic acid (06-05 ¢.) were heated for 2 hours at 190.210" in nitrogen, and then for 65 hours 
at 23)..240°/1—2 mm. An unpleasant-qmelling volatile by-product was detected. The prodact was 
a black solid, m. p. ca. 320-330" (decomp.), with only a poor fibre-forming capacity 

Poivamides 6) 82 -Thiedipropionic acid (17-5 ¢. © 1 mol.) and hexamethylenediamine (11-6 ¢., 
1 mol) were heated at 190° tor 3 hours and then for a further 3 hours at 220°/2 mm. The product 
was dissolved in m-cresol. and the polymer precipitated as a colourless granular powder by pouring the 
slution into a large volame of ethanol The dry powder contained 10-85% of nitrogen, as required by 
a polymer of (-HN-(CH, oNH-COCCH,) SCH, © 0-),. The thiopolyamude had an intrinsic viscosity 
of 1-1 and yielded poor fibres of low tenacity at 217-—226 The polymer was soluble in m-cresol and 
dimethyliormamide and had m. p ~210° (decomp The fibres exhibited dichroic properties 

(6) The hexamethylenediamine salt of 828'-thicdlipropionic acid (crystals, m. p. 151-—182", from 
ethyl alcohol) was prepared by mixing equimolar quantities of the acid and the diamine in 50%, aqueous 
aloohol. The salt was heated at 220-.230°/1.2 mm. for 3 hours. The polymer was purifed by 
dissolution in #-cresol and pouring into a large volume of ethanol. The precipitated thicpolyamide 
was a colourless substance which yielded fibres of poor strength bat having intrinsic viscosity of 1:2 
These fibres and those recorded in the previous paragraph can be “ cold-drawn”’ and give highly 
crystalline X-ray diffraction patterns 

An attempt was made to wet spun the thiopolyamides from m-cresol solution, using a hypodermic 
needle and spinning into 10, 20, 25, and 35%, aqueous soctiam hydroxide (ethanol was unsatisfactory), 
25% appearing to be the most useful concentration No stretch was put on the fibre as spun The 
fibres obtained, however, were excessively brittle and disintegrated on the lightest touch 

(c) The salt, m. p. 160°, obtained from di-(2-carboxyethy!) sulphone and hexamethylene diamine, 
was heated in boiling xylene! through which a stream of nitrogen was passed. In the first run, a black 
sticky resinous material was obtained, and, in the second, a solid which had not melted at 200° bat 
showed appreciable signs of decomposition 


The authors express ther thanks to the Directors of Messrs. Courtaulds Ltd. { permission to publish 
esac results and to ther « ‘ e, Dr. E. R. Wallagrove of Coventry, for pre; ing ¢ polymers from 
(2-carboxyethy!) sulj 
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p-sul phonyl Derivative S of a-Ethyl-2 : 3-didk oxy-v-glucoside. 
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The methanesulphony! and toluene-¢ sulph novi esters of 


jeoxy-o-gluceside and «ae ethyl-2 : 3-dideoxy-p-giucosile have been prepared and their 
exchange reactions with sodium iodide in acetone stadied t has been shown that for the 
former compound, the ethylenic linkage between C,,, and C,, ‘ n activating influence on 


substituents at C,, 


It is well known that wh 3.4: 6-tnacetyv! glu 1} «w heated with water it loses an acetyl 
group and mugration of the ethylenic linkage occurs, the product being 4 ; 6-diacety! ¢-glucal 
(li) (Bergmann, Annalen, 1925, 443, 223). Recently, we used this product as an intermediate 
in a synthesis of 2-deoxy-p-ribose (Chverend and Stacey, /., 1949, 1358) and became interested 
in the mechanism of the change The reaction is a fairly general one with acetylated glycals 
and occurs, not only in the glucose sernes, but also with galactose (Lohaus and Widmaier, A nnalen 
1935, 590. 301) and aralinose derivatives (Gebrke and Aichner, Ber., 1927, 60, 018 

When p-glucal was boiled with water, under conditions similar to those used for preparing 
diacety! @glucal from triacety! ghucal there was no migration of the double bond and the initial 
material was recovered unchanged In a like manner when p-gluca!l was heated with water 
comtaining acetate ions it underwent no change liowever, when glucal was heated under like 
conditions with acetic acid a reaction did cccur and some of the glucal (20°,) was converted into 
2-deoxy-p-giucose which was isolated from the syrupy reaction product as its dibenzyl mercaptal 
(Overend, Stacey, and Stanek, /., 1948, 2841! However the main product, which was very 
labile, was not isolated in crystalline form. From these preliminary expernmments it appeared 
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that the ethylenic linkage between C,,, and C,,, in triacety! glucal activated the acety! substituent 
at C,,, so that gentle heating with water was sufficient to eliminate it, and the acidity consequently 
developed induced migration of the double bond. Recently, whilst working with methane 
sulphonyl and toluene-p-sulphony! esters we have obtained some evidence of the activating 
influence of ethylenic linkages on substituents in molecules of this type. 

Generally, when a primary hydroxy] group is esterified with a toluene-p-sulphony! or methane 
sulphony! residuc, the toluene-p-sulphonyloxy- or methanesulphonyloxy-group can be exchanged 
for iodine by the simple expedient of heating with sodium iodide in acetone or in a higher-boiling 
ketone. When a secondary hydroxyl group in a sugar derivative is similarly esterified, the 
residues are with a few exceptions not usually replaced. Helferich and Guiichtel (Ber., 1938, 
71, 712; see also Helferich and Jochinke, Ber., 1940, 73, 1049) did, however, convert 1; 2:3: 6 
tetra-acetyl 4-methanesulphony! p-glucose into its corresponding 4-iodo-4-deoxy-derivative 
by the usual procedure, and a further exception to the general rule was encountered when 
adjacent primary and secondary hydroxyl groups were esterified with toluene-p-sulphony! 
residues, since treatment of these esters with sodium iodide in acetone resulted in the elimination 
of both toluene-p-sulphonyloxy-groups and formation of an unsaturated compound (Hahn, 
Ness, and Hudson, /. Amer. Chem. Soc., 1944, 66, 73). The toluene-p-sulphonyloxy-residues 
in the open-chain compounds tsomannide and isosorbide (cf. Montgomery and Wiggins, / 
1946, 393) are also exchanged although they are formed by esterification of secondary hydroxy! 
groups. In these compounds, however, the anhydro-rings may exert some influence. In this 
communication we describe further instances in unsaturated derivatives of sugars, of the exchange 
for iodine of methanesulphonyloxy- and toluene-p-sulphonyloxy-residues formed by appropriate 
esterification of secondary hydroxy! groups 

3:4: 6-Triacety! p-glucal (I) was heated with water and converted into 4: 6-diacety! 
2 . 3-didehydro-2 : 3-dideoxy-p-glucose (diacetyl ¢-glucal) (11), which was immediately treated 
with ethyl orthoformate in ethanol to yield 4: 6-diacetyl a-ethyl-2 . 3-didehydro-2 : 3-dideoxy 
p-glucoside (II) previously described by Bergmann (Annalen, 1925, 448, 223). Deacetylation 
of this with barium hydroxide yielded a-ethy!-2 : 3-didehydro-2 : 3-dideoxy-p-glucoside (1\ 

Bergmann and Freudenberg, Ber., 1931, 64, 158) That no other change accompanied this 
deacetylation was apparent from the fact that (IV) could be acetylated smoothly with aceti 
anhydride to re-form (III). Moreover, (IV) was non-reducing to lead tetra-acetate in benzene 
solution, showing that it retained its pyranose structure, It formed a crystalline 4: 6-di 
p-mitrobenzoate which was a suitable derivative for characterisation. Treatment with toluene 
p-sulphony! chloride in dry pyridine afforded crystalline 4 ; 6-difoluene-p-sulphonyl a-ethy/ 
2 : 3-didehydro-2 : 3-dideoxy-p-glucoside (V); similarly with methanesulphony! chloride a 
crystalline 4. 6-dimethanesulphonyl derivative (V1) was obtained. When either the ditoluene 
p-sulphonyl! (V) or the dimethanesulphony! derivative (V1) was heated with excess of sodium 
iodide in acetone at 110-—115° for 3 hours, there was obtained crystalline 4 : 6-di-dodo @-ethyil 
2 : 3-dehydro-2 : 3: 4 : 6-tetradeoxy-p-hexoside (VII). When, however, the toluene-p-sulphony! 
derivative (V) was kept for 3 days at 30° with 1-1 moles of sodium iodide in acetone, it gave a 
monoiodo monotoluene-p-sulphonyl derivative (VIII). By analogy with subsequent work this 
was probably 4-iedo 6-toluene-p-sulphonyl a-ethyl-2 : 3 didchyrod-2 -3 - 4-trideoxy-p-herxoside 
but, since it was unstable to the reduction process needed to establish its structure, we concen 
trated our attention on the corresponding methanesulphony! derivative which was more stable 
to this treatment 

When 4; 6-dimethanesulphony! a-ethy!-2 : 3-didehydro-2 : 3-dideoxy-p-glucoside (VI) was 
kept at 18° for 5 days in the dark with sodium iodide in acetone it yielded 1 mole of sodium 
methanesulphonate together with a very unstable monoiodo monomethanesulphonyl a-ethy!- 
hexoside (IX). This rapidly liberated iodine when exposed to light or mild warming and so was 
immediately hydrogenated. A monomethanesulphony! a-ethy!-trideoxy-hexoside was obtained 
This could be either 6-methanesulphonyl a-ethyl-2 : 3: 4-trideoxy-p-glucoside (X) or 4-methane- 
sulphony! 2-ethy!-2 : 3 : 6-trideoxy-p-glucoside according to whether the methanesulphonyloxy- 
groups undergoing exchange had been formed by the esterification of a secondary or a primary 
hydroxy! group respectively. That it was, in fact, the former compound, was demonstrated 
by synthesising, by an alternative route, the 4-methanesulphony! derivative, which proved to 
be different from (X). 

Bergmann (Annalen, 1925, 448, 236) showed that when a-ethy! 2 : 3-didehydro-2 : 3-dideoxy- 
p-ghucoside (IV) was reduced it yielded a-ethyl-2 : 3-dideoxy-p-glucoside (XI). This afforded 
crystalline 4 : 6-ditoluene-p-sulphonyl and 4 : 6-dimethanesulphonyl derivatives (XII and XIII). 
When (XII) was heated at 110° for 6 hours with excess of sodium iodide in acetone it gave 
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crystalline 6-iedo 4-toluene-p-sulphony!l w<ethyl-2 . 3: 6-trideoxy-p-glucoside (XIV). Similarly 
when 4: 6-dimethanesulphony! a-cthy!-2 - 3-dideoxy-p-glucoside (XIII) and sodium iodide in 
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ucetone were heated at 110-—-120° for 6 hours, one mole of sodium methanesulphonate was 
precipitated and syrupy 6-iodo 4-methanesulphony! 2-ethyl-2 : 3 : 6-trideoxy-p-glucoside (XV) 
was formed. That these compounds were correctly designated was shown by the fact that 
further heating with excess of sodium iodide did not result in more exchange; moreover, the 
conditions employed for the exchange reactions were those designed to effect reaction between 
sodium iodide and toluene-p-sulphonyloxy- or methanesulphonyloxy-residues formed by 
appropriate esterification of a primary hydroxy! group (see also Overend and Stacey, J., 1949, 
1235; Foster, Overend, Stacey, and Wiggins, /., 1949, 2542 6-lodo 4-methanesulphony! 
a-ethyl-2 : 3; 6-trideoxy-p-glucoside (XV) darkened on being kept for a short time, so it was 
reduced immediately on isolation by shaking it in an atmosphere of hydrogen with Raney nickel 
and diethylamine (Haskins, Hann, and Hudson, /. Amer. Chem. Soc., 1946, 68, 628 The treat 
ment yielded 4-methanesulpAonyl a-ethyl-2 : 3: 6-trideory-p-glucoside (XVI), which failed to 
react when heated at 115-—120° for 54 hours with sodium iodide in acetone, thereby indicating 
that the methanesulphony! substituent was attached to a secondary hydroxyl group (Overend 
Stacey, ef al., ik ev). On the other hand, the compound (X), provisionally designated as 
é-methanesulphony! a-ethyl-2 | 3: 4-trideoxy-p-glucoside, afforded sodium methanesulphonate 
(53%; cf. Foster, Overend, Stacey, and Wiggins, loc. cit.) when subjected to the sa.ne treatment. 
This result indicated that the methanesulphony! residue remaining in the compound (X) was 
attached at C,,, of the sugar 

The interesting fact emerges from this work that, contrary to expectation, when 4: 6<di 
methanesulphony! a-ethy!-2 : 3-didehydro-2 ; 3-dideoxy-p-glucoside (VI) is kept with sodium 
ixlide in acetone, the methanesulphonyloxy-group formed by exterification of the secondary 
hydroxy! group exchanges for iodine before that formed by esterification of the primary hydroxyl 
group. Similar results are obtained with the toluene-p-sulphonyl esters of 2-cthyl-2 : 3-di- 
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debydro-2 : 3-dideoxy-p-glucoside. The ethylenic linkage between C,,, and C,,, clearly confers 
lability on the substituent on the hydroxyl group of the adjacent carbon atom 4. This is 
analogous to the elimination of an acetyl group when triacety!l glucal is boiled with water 
In this case the acety! group eliminated is that at C,,, which has an adjacent ethylenic linkage 
between C,,, and C,,.. 

EXPERIMENTAL. 


4: 6-Diacetyl a-Ethyl-2  3-didehydro-2 : 3-dideory-p-glucoside.—3 : 4: 6-Triacety! p-glucal (10 g.) and 
water (200 ¢.c.) were heated under reflux for 15 minutes. Water was thea removed at 40°, and the 
resxtue was dried by distilling ethanol over it. A yellow syrup remained which strongly reduced Fehling’s 
solution. This was heated under reflux with ethyl orthoformate (6-4 ¢) and absolute ethanol (10 c.c.) 
for 3 minutes. Ammonium chioride (50 mg.) was added during the reaction. The ethanol and excess 
of ethy! orthoformate were removed by evaporation ts esewo, and the residue crystalliead. It recrystallised 
from 96% ethanol as colourless needies (2-0 g.). m & 78—79", [ajff + 106-7" (c, 2-1 in benzene), Borg 
mann (Annalen, 1925, 448, 223) reports m. p. 81-—-82° and [a Ff +102-7° in benzene for this compound 

a-Ethyl-2 : 3-didehydro-2 : 3-dideoxy-b Saletan 4 6-Dnacety! «-ethy!l-2 : 3-didehydro-2 : 3-dideoxy 
p-glucoside (1-4 ¢.) was kept with barium hydroxide (3-58 g.) in water (345 .c.) for 24 hours at room 
temperature. The excess of barium hydroxide was neutralised with carbon dioxide, and the solution 
centrifuged. The filtrate was evaporated, and the residue extracted with ethanol (3 x 100 c+.) 
Solvent was removed from the extract, and the residue was recrystallised from benzene, forming colour 
less needles (0-64 g.), m. p. 9093" (unchanged after repeated recrystallisation After recrystalliaation 
from ethy! acetate, the m. p. was 497°, Sublimation of the material (70° /15 mm.) afforded = 
m. p. 96—07", [aff + 99-5" (c, 0-54 in ethanol) (Pound: C, 5496; H, 80. Cale. for C,H,,0, 552 
H, 849%). Bergmann and Freudenberg (Ber., 1931, 64, 158) give m P 100.101", 4 Pr 100-3" in aiooal 
for this compound. It was not oxidised by lead tetra-acetate in benzene but could be reacetylated 
with acetic anhydride to yield 4. 6-diacety! a-ethyl-2 . 3-didehydro-2 : 3-dileoxy-p-glucoside in 80%, 
yield 
" 4: 6-Di-p-mitrobensoyl a-Ethyl-2 : 3-didehydro-2 : 3-dideoxy-p -giucoside.-a-Ethyl-2 : 3-didehydro 
3-dideoxy-p-glucoside (50 mg.) was dissolved in dry pyridine (0-5 ¢.c.), and p-nitrobenzoy! chloride 
(130 mg., 2-12 mols.) was added. After 18 hours at room temperature, the solution was poured into 
water (25 c.c.). The solid which separated was recrystallued from 96%, ethanol, and 4 ds -p-mstro- 
benzoyl a-ethyl-2 : 3-didehydro-2 : 3-dideory-p-glucoside was obtained as colourless needies (100 mg), 
m. p. 1290-130", fal]? + 100-5" (c, 0-66 in benzene) (Found: C, 56-7; H, #5; N,@1. CHO .N, 
requires C, 55-9; H, 43; N, 59%) 

4: 6-Ditoluenc-p-sulphonyl a-Ethy!l-2  3-didehydro-2 - 3- dideoxy - b-glucosid a-Ethyl-2 ; 3-dide 
hydro-2 : 3-dideoxy-p-glucoside (0-75 g.) was kept at room temperature for 18 hours with toluene 
p-sulphony! chloride (0-7 g.) in dry pyridine (0-5 cc.) The mixture was poured into water, and the 
precipitated solid filtered off. Kecrystallisation from 90% ethanol afforded the difoluense . stl phon yi 
derivative (0-12 ¢.) as ee gaeen m. p. 119-120", (eo) (ec, 2:16 in benzene) (Pound: C, 
54-5; H. 55; S130. C,.H,.OS, requires C, 54-7; H, 5-4 ; 

4 6-Dimethanesulphonyil a £ thyl 2 3B-didchydro-2 | 3-dideory-p-giucosde.—a-Kthyl-2 . 3-didehydro- 
2: 3-dideoxy-p-ghucoside (0-75 g.), methanesulphony! chloride (1-145 ¢., 0-78 ¢.c.), and dry pyridine (0-5.¢.c.) 
were kept together at 0° for 75 hours. The mixture was worked up in the usual manner, and after 
recrystallisation from 85%, ethanol 4 6-dimethanesulphonyl a-ethyl-2 . 3-didehydro-2 | 3-dideoxy-v-gluco- 
side (0-72 g.) was obtained as colourless needles, m. p. 71-72", (a Ff +-87-7° (c, 1-46 im acetone) (Pound; 
C, 36-4; H. 59. Cy H,,0,5, requires C, 36-4; H, 55%) 

a-Ethyl-2 : 3-dideory-p-gluconde.—ea-Ethyl-2 : 3-didehydro-2 ; 3-dideoxy-p-glacoside (0-4 g.), dis 
solved in dry methanol (20 c.c.), was hydrogenated at room temperature in the presence of platinix 
oxide (100 mg.). The solution was filtered, and the methanol ew The residue crystallised 
from benzene—light wrens as colourless needles (0-35 g., 83%). - 769" (aff + 140-6" fc, 0-69 
in water) (Found 544: H, 809. Cale. for C,H,,0,: C, 04 ben Te 91%). Bergmann (loc. cit.) 
reports m. p. 72- 72. 8”, [e PY + 137-8° in water for this compound. 

4: 6-Difoluene-p-sulphony! a-Ethyl-2 : 3-dideory-v-glucosmde.—-a-Ethy!-2 : 3-dideoxy - p- glucoside 
(0-25 g.), toluene-p-sulphony! chloride (0-66 g.), and dry pyridine (1-5 c.c.) were kept at room temperature 
for 60 hours. The mixture was poured into water, and the product isolated in the usual manner. After 
recrystallisation from ethanol 4 : 6-difoluene-p-suiphonyl a-ethyl-2 : 3-dideory-D-glucoside (0-6 g.) was 
obtained as colourless needles, m. p. 5860", \alf? +85" (c, 0-89 in benzene) (Found: C, 546; H, 59 
CyH,,O0,S, uires C, 54-5; H, 56-89%). 

4: 6-Demet nesulphomyl a- Ethyl- : 3-dideory ucoside —a-Ethyl-2 | 3-dideoxy-p-glucoside (0-3), 
methanesulphony! chloride (0-32 c.c.), and dry ine (0-5 c.c.) were kept at 0° for 12 hours. The mix 
ture was then poured into water, and the which separated was extracted with chloroform. The 
extract was washed with dilute sulphuric acid (2%) and then water, and dried (MgSO,). Evaporation 
of the solvent yielded a sy which crystallised when triturated with water. Recrystallisation of the 
solid from 90%, ethanol wielded the dimethanesuiphonyl derivative (0-14 g ) as colourless needies, m. 
6869", [af +1187” (c, 1-11 im acetone) (Pound: C, 36-4; H, 58. CyH,O,S, requires C, 36 
H, 60%). 

6-lodo 4-Toluene-p-sulphonyl a-Ethyl-2 : 3: 6-trideory-p-glucoside.—-4 : 6- Ditol -p- bony! 
a-ethyl-2 : 3-dideoxy-D-glucoside (0- (0-3 g.). sodium iodide (0-252 g.). ant Gry ostene OF 85. Ay wees 
im a sealed tube at 110° for 6 hours ted. This was collected 
‘= P ang replacement of one 
and the residue treated with 
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cptoastenp esatien, m. p. 56-50", (a) +888" (c, O30 in benzene) (Found: C, 403; H, 52; I, 201. 
Crate Si requires C, 40-8, Hi, +o, La 6%). 

6-Di. todo a Ethyl-2 S-dehydro-2 3 4: 6-tetradsory-v-hexoside —(a) 4 6-Ditoluene » sulphony!l 
pas ti 2: Sdidehydro-2 : 3-dideoxy-p-glucoside (0-72 g.) and dry sodium iodide (0-6 ¢ ) in dry acetone 
(17 ce.) were heated together at 110-115" for 3 hours. (Milder exchange conditions yielded only 
syrupy products) The amount of sodium toluene-p-sulphonate formed (0-55 g), after filtration, 
washing with acetone and drying, corresponded to 93% a pope of both toluene-p-sulphony! residues. 
The acetone was evaporated, and the residue extrac ted with chloroform (50 ¢.c.) he extract was 
washed with dilute codie um thiosulphate solution and dried (MgSO,). After evaporation of the chloroform, 
the residue partly crystallised. This was recrystallised from 80% ethanol and 4: 6-di-40do «-ethyl- 
2: B-dehydro-2 (3: 4: 6tetradsory-p-hesonide (0-12 ¢.) was obtained as colourless needles, m. p. 97- 
98", (a)? ~— 366-5" (c, 1-88 in chloroform) (Found: C, 246; H, 31; I, 63-1. C,H,.O,1, requires C, 
“3 0: 1 }. This compound was very unstable, and iodine was liberated even after | day 
in the dark position was complete in 10 days 

(6) 4: 6-Dimethanesulphonyl «-ethyl-2  3-didehydro-2 : 3-dideoxy- D-glucoside (23 ¢.), eodsum 
iodide (0-3 ¢.), and dry acetone were heated at 1056-—110° for 3 hours. The meth } n 
formed corresponded to 93% replacement of both methanesulphony! groups. The product was ciated 
as above but showed no tendency to crystallise. It was dissolved in benzene (10 ¢ c.) and run through 
a short column of alumina, which was then washed with benzene (20 c.c.); 5 ¢.c. portions (a, 6, ¢, and d) 
were collected; (), (¢), and (¢) when evaporated gave syrupy products, but (6) yielded crystals which 
recrystallised from 80%, ethanol (0.0279 g ) as colourless anode, m. p. 97-——-98° alone or in admixture with 
the di-iodo-compound described above 

4-lodo 6-Toluene-p-sulphonyl ye 2 3-didehydro-2 3: 4-trideory-p- hevonde.—4 6 Ditoluenc 
pP-mlphony! e-cthyl-2 S-ditehydro-2 3-dideoxy-p-glucoside (0-6 g.), dry acetone (15 ¢c.), and dry 
sodium iodide (0-176 g. = 1-1 mols.) were kept in a ste ‘ed flask, tected from light, at 18° for 9 days 
The reaction mixture became yellow owing to liberated iodine, and sodium tolucne-p- er onate (0-15 ¢. 
= 75% replacement of one toluene-p-sulphonyloxy- tee was precipitated (Found , 433; H, 36, 
Cale. tor C,H,O.SNa 43-4, H, 36%) 

After seperation of thie salt, the acetone was evaporated, and the residue extracted with chloroform. 
After being washed with 1%, sodium thiosulphate, the extract was dried (MgSO,) and the solvent evapor- 
ated. The only crystalline material which could be isolated from the residue was unchanged 4 i 
taluene-p-sulphony! «-ethyl-2 : 3-didehydro-2 : 3-lideoxy-p-glucoside (O04 g), m. p. 119-120 
If the temperature at which the exchange was carried out was raised to 25°, then sodium toluene 
p-sulphonate equivalent to 83°, replacement was obtained. At #0", however, complete replacement 
was effected he unsaturated ditoluene-p-sulphonyl derivative (0-2 g.), sodium iodide (0-061 g.) 
and dry acetone (5-5 ¢ ¢.) were kept together in a stoppered flask protected from light at 30° for 3 days. 
The product was isolated in the usual manner and a syrup was obtained (0-146¢.). This was purified by 
passage through a column of alumina, and a straw-coloured syrup (0-006 g.) was obtained. (a)? — 50-6° 
(¢, 1-6 im benzene) (Found: C, 40-0; H, 44; Ot, 906. C,.H,,O,SI requires C, 41:1; H, 43; OFt, 
10-28%). This syrupy compound was unstable and on storage liberated much iodinein 2 days. Attempts 
to hydrogenate the ethylenic linkage resulted in the uptake of more than | mol. of hydrogen even at 
room temperature 

6 Methanesulphonyl a Lihyl-2 3: 4-trideoxy-p-glucoside —4 : 6-Dimethanesulphony! a-ethy!-2 3. 
dehydro-2 | 3-dideoxy-p-glacoside (0-596 ¢.), socliam iodide (0-29 g. « 1:2 mols.), and dry acetone (10 ¢.c.) 
were kept together at 18° for 5 days in absence of light. Sodium methanesuiphonate (0-19 g_) separated 
and was removed by filtration. The product was isolated in the usual manner (0-60 ¢) and purified 
by passage through a column of alumina. A syrup was obtained which was very unstable and sensitive 
to hight and mild heating. It readily liberated iodine and so, as soon as it was isolated, it was hydrogen- 
ated in methanol (15 ¢ c.) containing diethylamine (0-36 ¢ c.) and a trace of water. Raney nickel was 
used as catalyst and the mixture was shaken at room temperature for 3.5 hours in an atmosphere of 
hydrogen at 20 mm. over-pressare. The solution was filtered, and the solvent evaporated. The residue 
was treated with chloroform and water. The aqueous layer gave a strong positive test for iodide ions. 
The chloroform layer was dried (MgSO,), and the solvent evaporated. A pale yellow syrup remained 
(0-33 «.) which gave a positive test for su — and a negative test for iodine and had [elf +65-3° 
(¢, 2-45 in acetone) = w= 6 -methanesulp = a —_— 2:3: 4-trideosy-p-giucoside (Found: C, 45-4; 
H, 7-3, S, 128. C,H,.O,S requires C, 45-4; H, 7-5; S, 13-4%) 

4 Methane oul homyl a "Eeayt 2:3 6-trideory-p-glucoside —4 : 6-Dimethanesulphony! a-ethyl-2 : 3-di 
deoxy->-ghacoside (0-13 ¢.) and sodium iodide in dry acetone (0-07 g. in 10 cc.) were heated at 115-—120 
for 6 hours. Separation of sodium methanesulphonate (0-044 g. = 95-6% replacement of | methane- 
sulphonyloxy-group) commenced immediately. and replacement seemed easier to effect than with toluene 
pP-eulphony! esters. The solid was filtered off, and the filtrate was evaporated to dryness. Water and 
chloroform were added to the residue, and the chloroform layer was separated, washed (dilute sodium 
thiosulphate solution), and dried (MgSO,). Evaporation of the solvent afforded some syrup, which 
was dimolved in methanol (10 ¢ c.) containing diethylamine (0-le.c.) and shaken with Raney nickel in an 
atmosphere of hydrogen at a slight over-pressure. When the uptake of hydrogen ceased, the solution 
was filtered and evaporated. The residue was treated with water and chloroform. The aqueous layer 
gave a strong positive test for iodide ions. The chloroform layer was dried (MgSO,), and the solvent 
evaporated. A yellow syrup (0-087 g ) remained which was free from iodine. It was 4-methanesulphonyl 
oe ethyl2 3 6-trideory-D-glucorids, (4 + 122-0" (c, 2-17 in acetone) (Found: C, 461; H, 7-5; OEt 
1%7. CH,,O.S requires C, 45-4; H. 7-5: OFt, 18-90%, 

bachange Esperimonts (a) 4-Methanesulphony! «-ethyl-2 3: 6-trideoxy-p-glucoside (0-063 ¢ ) 








was heated with sodium iodide (0-063 ¢ ) in dry acetone (7-0 « ¢.) at 116-—120° for 53 hours. No sodium 
methanesulphonate was formed and the mitial materials could be recovered. (5) 6-Methanesulphony! 
a ethyl? 4+-trudeoxy-p-glucoside ©1758 g) and sodiam iodide (0-12 ¢) in acetone (9 cc.) were 
heated together under identical conditions. Sodium methanesulphonate (0-047 ¢) was precipitated 
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and was collected, washed with dry acetone, dried, and weighed. It corresponded to 534, replacement 
of the meen ny ae in the initial maternal 

Experiments with Glucel.—(a) Glucal (1 g.) was boiled with water (12 ¢.c.) for 15 minutes. There 
was no change in optical rotation ((¢)y — 7-5") and the p-glucal could be recovered unchanged. (6) Glucal 
(0-6 ¢.) was dissolved in water (6 ¢.c.) containing crystalline sodium acetate (0-5 g.), and the solution 
boiled for 30 minutes. There was no change in optical rotation, and the solution developed no red 
power to Fehling’s solution. (¢) Glucal (1-08 g.) was dissolved in water (40 ¢.c.) containing acetic ac 
6-040 g ), and the solution boiled) The change in optical rotation was followed polarimetrically . 


Time (mins.) . . 0 20 “wu o » 
chy Senatnes 7" +o + lo“ +166 + 16-6 


The solution soon rapidly restored the colour to Schiff's reagent. After neutralisation and evaporation, 
toluene-w-thiol was added to the syrup together with concentrated hydrochloric acid The eee 
was isolated as described by Overend, Stacey, and Stanék (/., 1949, 2841) and 2-deoxy D-glucose dibenzyl 
mercaptal (20%), m. p. 147-—148°, was obtained but no derivative of 2: 3-didehydro-2 : 3-deoxy-p-glucose 


Certain of the analyses were carried out by Drs. Weiler and Strauss (Oxford). Our thanks are due to 
the British Empire Cancer Campaign (Birmingham Branch) for financial assistance. One of us (S. L.) 
thanks the University of Oslo for the award of a Familien Stillesen's grant which enabled him to take part 
in this work 
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151. Attempts to Prepare New Aromatic Systems. Part 11. 
Heptalene. 


By G. O. Asprnatt and Wirson Baker 


Experiments were directed towards the synthesis of heptalene (1). Benazcyeloheptene is 
converted through its 2’-chloromethy! derivative (11) into the fully saturated aminomethy!l 
compound (V), which yields by the Demjanov reaction a 3-hydroxydodecahydroheptalene 
and a decahydroheptalene (V1). Attempts to effect catalytic dehydrogenation of (VI) have 
been unsuccessful 

In model experiments leading to the hydroazulene series ethyl 3-2-ketocyclopentylvalerate 
VIII) has been converted into the ketones (XI) and (X11) 


Tue possibility that a bicyclic, unsaturated hydrocarbon of aromatic type possessing two 
fused seven-membered rings might be prepared was first mentioned by Baker (/., 1045, 264) 
This substance (1), for which the name heptalene has been used by one of us on numerous 
occasions since 1944, is a ring homologue of azulene, and the present experiments were begun 
with the object of attempting to prepare this hydrocarbon. Partly because collaboration 
between the authors is no longer possible, and partly because others have started work in this 
series (Horn and Rapson, Nature, 1947, 160, 829; /., 1049, 2421; see also Bichi and Jeger, 
Helv. Chim, Acta, 1949, 32, 538, who have described the synthesis of certain derivatives of 
5: 5: O-bicyelododecane), it is thought desirable to publish our experiments so far as they 
have progressed. There is as yet no factual information as to the existence or non-existence 
ot compounds of the “ aromatic "’ heptalene type, although some calculations have been made 
in the attempt to assess the probable stability of such a conjugated system (Craig and Maccoll, 
Vature, 1948, 161, 481; /., 1049, 064) 


. on HC cae y, ‘ H,« O,H . a H,« O,H 
4 


av.) 


JOU 


Vil) 


The present synthetical method starts from benzeycloheptene (benzsuberane) and uses the 
Demjanov reaction for the enlargement of the finally reduced six-membered ring ; it is analogous 
to a synthesis of azulene from indane described by Arnold (Ber., 1943, 76, 777; cf. also Plattner, 
First, and Studer, Helv. Chim. Acta, 1947, 30, 1091). Chloromethylation of benzcycloheptene 











744 Aspinall and Baker : 


yielded 2’-chloromethylbenscycloheptene (11) which is orientated by analogy, and this was then 
converted into, successively, 2’-cyanomethylbenscycloheptene and the homogeneous, crystalline 
henscycloheplene-2'-acetic acid (111). The ethyl ester of (II1]1) was reduced with hydrogen in 
presence of Adams's platinum oxide catalyst to ethyl cyclohesanocycloheptane-2’-acetate, 
hydrolysis of which yielded an almost homogeneous cycloheranocyclohepiane-2'-acetic acid 
(iV). Application of the von Aawers-Skita rule (von Auwers, Annalen, 1920, 420, 84; Skita, 
Her., 1920, 53, 1792) suggests that the acid (1V) probably possesses the cis-configuration of 
the two rings Treatment of this acid with sodium azide under the conditions of the 
Schmidt reaction then gave 2’-aminomethyicycloAexanocycloheptane (V), characterised as the 
crystalline bensoy! derivative. The action of nitrous acid on (V) yielded an unsaturated 
hydrocarbon, probably the A*-decahydrohepialene (V1), and an alcohol, probably 3-hydroxy- 
dodecahydroheptalene (VII), which was not obtained pure 

A few attempts have been made to dehvdrogenate decahydroheptalene (VI) over palladium 
chareoal at 310—330°/14 mm.; the pr xiuct, a colourless oil, possessed a higher refractive 
index than (VI) and was unsaturated, but did not yield a picrate. The lengthy synthetical 
processes involved in the preparateon of the aminomethy! compound (V) have allowed the 
final reactions which might lead to the synthesis of heptalene to be performed only on a very 
stall scale 

A second projected synthesis of heptalene involved the formation of a seven-membered 
ring by the cyclodehydration of a suitable unsaturated acid, as in (X This method has 
now, however, been described by Bichi and Jeger (loc. cit.), who started from a cycloheptane 
derivative, but our preliminary experiments to test the feasibility of this approach started 
from a cyclopentane and led to the reduced azulene series 

Ethyl! evelopentanone-2-carboxylate was condensed with ethyl! 4-iodovalerate giving ethyl 
8-(2-helo-1 -carbethoxycyclopentyljealerate, which was simultaneously hydrolysed and decarb- 
oxylated, and then esterified, yielding ethyl 8-2-Aelocyclopentylvalerate (VIII he ketone 
(VII) was then reduced by the Meerwein-Ponndorf method to the secondary alcohol, and 
dehydrated with thiony! chloride to the unsaturated ester, probably mainly ethyl 8-cyclo- 


HO,C-—CH, 


NI NI 


pent-l-enylvalevaie (IX Hydrolysis of (IX) yielded the corresponding acid (X) (uncharacter- 
ised), which was cyclised (a) by treatment of the acid chloride with stannic chloride in carbon 
disulphide (method due to Cook and Lawrence, /., 1935, 1637), and (6) by treatment of the 
free acid with zine chloride in acetic acid-acetic anhydride (method due to Bachmann and 
Dreiding, /. Org. Chem., 1948, 13, 324 Both cyclisation procedures yielded smal! quantities 
liquid ketone products giving deep-red 2: 4-dimfrophenylhydrazones, C,H, ,O,N,, which 
uithough closely similar are not identical. The non-identity of these 2: 4-dinitropheny! 
hydrazones, which give no depression of the melting point on admixture, was confirmed by the 
fact that their X-ray powder photographs, kindly taken by Dr. T. Malkin, were slightly but 
detinitely different The intense colour of these compounds shows that they are derived 
from the aS-unsaturated ketones (XI) and (XII Should the olefinic bond in (X) be in the 
alternative position cyclisation might theoretically give rise to a bicyclo[5 : 2: Iidecenone with 
an eight-membered ring, but this is considered improbable he liquid ketone (XI) was 
first prepared by Hiickel and Schnitzpahn by interna! condensation of | : 6-diketocyclodecane 
4unaien, 1933, 606, 274) and characterised by means of its crystalline oxime We have been 


unable to obtain a solid oxime from either of our ketones, and it has thus been impossibk 


he 


to confirm the identity of ther ketone previously described with either of ours 


During the course of this work we had occasion to make trans-cyclopentane-1 : 2-dicarboxyli 
ack. This acid has previously been made from trimethylene dibromide via trimethylenebis 


malonic ester, cyclisation of the related disodio-derivative by treatment with bromine, and 








(1950) Attempts to Prepare New Aromatic Systems. Part 11. 745 


finally hydrolysis and decarboxylation (Perkin, /., 1887, 51, 240; 1804, 65, 584; Uschakov, 
}. Russ. Phys. Chem. Soc., 1929, 61, 705; Kon and Nandi, ]., 1933, 1628; Guha and Sesh- 
riengar, Ber., 1936, 69, 1212). We find that the acid is more conveniently prepared from 
the readily available ethy! cyciopent-l-enylcarboxylate (from cyclopentanone cyanohydrin by 
dehydration and simultaneous hydrolysis and esterification; Cook and Linstead, /., 

959), by addition of the elements of hydrogen cyanide to the double bond, and hydrolysis of 
the cyano-ester. The diamide and dinitrile of trans-cydepentane-| : 2-dicarboxylic acid are 
described 

EXPERIMENTAL. 

fie eee yr of & Phenyloalersc Acid from 3-Phenyipropyi Bromide —-3-Phenyipropy! alcohol (136 g ) 
was refluxed for 4 hours with 48% hydrobromic acid (480 g ), the mixture cooled, diluted, and extracted 
with ether, and the extract washed with aqueous sodiam carbonate, dried, and distilled, giving the 
bromide (170 g., 82%), b. p. LOT-—-110°/8 mm. The procedure of Norrs, Watt, and Thomas (/ 
dimer Chem. Soc., 1916, $8, 1078) gives a 63% yield. Condensation of this bromide (80 g¢.) with ethyl 
malonate (von Braun and Kruber, Ber., i9i2. 4. 386) gave ethy! 3-pheny! imalonate (70 g¢.; 
b. p. 180--196° 13 mm), hydrolysis and decarboxylation of which gave f y &-phenylvalerc acid, 
which after recrystallisation from light petroleum (b. p. 60-80") had m. p. 57° (lit., 61°) (yield 30 g.). 

Preparation of & Phenylualere Acid from Cimnamylidenemalonic Ester. —Cinnamaldehyde (82-5 .), 
ethyl malonate (100 g ), benzene (200 ¢.c.), and PRL beet (5 cc.) were refluxed and slowly distilled till 
the calculated amount of water had collected hours). After cooling of the mixture, benzene 

100 ¢.c.) was added and the solution washed aud with water, dilute hydrochloric acid, and 
sodium hydrogen carbonate solution, dried, and distilled, giving ethy! cing my! s] lonate, b 
1s8—.190° 7 mm. (126 ¢.). Hydrolysis of this ester (172 g.) was effected by boiling aqueous sodium 
hydroxide (230 ¢ in 700 ¢.c.) (8—® hours); water (500 cc.) was then added, reduction carried out with 
Raney nickel alloy as described by Cook, Philp, and Somerville (/., 1948, 164), and the resulting satur- 
ated acid decarboxylated, giving finally é-phenyivaleric acid which, after purification as before, was 
obtained in colourless crystals, m. p. 60° (70 g.) 

1 : 2-Benscyclohcpten-3-one.— The following method is based on that of Plattner (Hele. Chim. Acta, 
1944, 27. 804): it is carried cut mach more rapidly in almost twice the concentration but gives the 
same yield of benzcycloheptenone. &8-Phenylvaleryl chloride (19-5 g.) in carbon disulphide (300 ¢.c.) 
was added (4 boars) to a stirred refluxiag mixture of alumianmm chloride (27-5 g.) and carbon disulphide 
200 ¢c.), and stirring was continued for 6 hours, after which the solvent was removed by distillation 
and the residue poured on ice (500 g.) and steam-distilled. The benzcycloheptenone, wsolated from the 
distillate by means of ether, was a liquid, b. p. 128-—130°/6—7 mm. (14-0 ¢,) 

2’-Chloromethylbenscy cCloheptene (IT Benzeyeloheptene (6 ¢), aqueous formaldehyde (35 c.c ; 
40% solution), and concentrated hydrochloric acid (77 c.c.) were stirred vigorously at 60-70", con- 
centrated sulphuric acid (42 cc.) was added dropwise during 7 hours, and stirring continued for a 
further 20 hours at the same temperature. The cooled mixture was then diluted with water and 
extracted with ether, and the extracts were washed with sodium hydrogen carbonate solution, dried, 
and distilled, giving two main fractions, (1) b. p. 60--120°'6 mm. (15 g.) consisting mainly of benz- 

ydoheptene, and (2) b. p. 120-133" 6 mm. (46 g.) Redistillation of fraction (2) gave 2’ -chlorometh yi 
enzcycloheptene (11) (40 @ b p 138—141° 9 mm. wf 1-6672 (Found: C, 73-8; H, 74; Cl, 16-7 
C gH, Cl requires C, 74-0, H, 7-7; Cl, 183% 

2’-C yanomethylbenscycloheptene. -To (11) (35 g.) in ethanol (200 cc.) was added a solution of potas- 
sium cyanide (23 g.) in water (50 c.c.), and the mixture refluxed for 5 hours. Dilation with water and 
extraction with ether yielded 2’ cyanomethyibenzcycloheptene (28 g.) as a colourless of], b. p. 155 
170° 16 mm., «ff 11-5518 (Found: C, 840; H. #1; N. 76. C,,H,.N requires C, 66-3, H, 6-1; N, 7-6%) 

Benscycloheptene-2' -acetve Acid (1M 2’-Cyanomethylbenacycloheptene (26 g.) was refluxed for 
2 hours with water (25 ¢.c.}, concentrated sulphuric acid (25 c.c.), and glacial acetic acid (25¢c¢). The 
mixture was diluted with water and extracted with ether, the extracts were shaken with dilute sodium 
hydroxide, the alkaline layer was acidified, and the precipitated benzcycloheptene-2’-acetic acid (111) 
crystallised from aqueous acetic acid and then twice aaa “ ——— (b. p. 60--80"), giving fine 
needles (10-3 g.), m P 127° (Found. C, 766; H, 7-7 aH ,,O, requires C, 76-5; H, 78%). The 
anilide was prepared by heating the acid (1 g.) with chioayl chloride (1 cc.) under reflux till reaction 
was complete, diluting the mixture with ether, and adding aniline (1 g.) slowly with cooling; the ethereal 
solution, after being washed with dilute hydrochloric acid, yielded a solid which when crystallised 
three times from benzene-light petroleum (b. p. 60-—-8(") gave fine, silky needles, m p. 142-—-143° 

Found: C, 81-3; H, 74; N, 54. C,,H,ON requires C, 81-5; H, 7-2; N, 5-3%) 

Ethy! Benscycloheptene-2' -acetate 4) The preceding acid (10 g.) was refluxed with ethanol (100 cc) 
and concentrated sulphuric acid (3 c.c.) for 4 hours and the ester wolated in the usual way as « colour- 
less oil (10-4 g.), b. p. 151-—154° 4 mm, aff 1-5282 (Found: C, 77-5; MH, 87. C,,H,,O, requires C, 77-6; 
H, 86% 

b) ¥-Cyanomethylbenzcycl heptene (28 ¢.) was refluxed for 18 hours with ethanol (105 cc.) and 
concentrated sulphuric acid (10 c.c.}, excess of ethanol removed under diminished pressure, water added, 
and the mixture extracted with ether. After being shaken with sodium hydrogen carbonate solation 
and drying, the ethereal layer yielded the ester (25 g.), b. p. 165-167" /9 mm 

Hydrolysis of the ester (25 g.) by boiling with ib potemnom hydroxide (20 g.), water (20 ¢.c), and 
ethanol (20 c.c.) for 4 hours yielded the free acid [ which, after twice cry from dilute acetic 
acid and once from light petroleum (b. p. 60-80"), formed needles (13-2 g.), m. p. 127° 

Ethyl cycloH exanocyclohe plane -2' -acetate Ethyl benzcycloheptene-2’-acetate bg sg.) im glacial 
acetic acid (100 cc.) was shaken in hydrogen at atmospheric pressure in presence of Adams's m 
oxide catalyst (0-5 g.), rather more than the theoretical volume of hydrogen being absorbed in 72 hours. 
3c 
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After filtration the bulk of the solvent was removed under diminished pressure, the residue shaken 
with water and ether, and the ethereal layer shaken with sodium carbonate solution, dried, and dis- 
tilled. Ethyl cyclo’ Ychode pe pega gg A er gg (1O2 g.), b. p. 
146-148" 4 mm... off 1-4826 (Pound: C, 760; H, 108 C,,H,.O, requires C, 75-6; H, 10-90%) 

(cts? cycloHesanocyclodeptens- 2-acotic Acid (1V).—The preceding ester (36 ¢.) was refluxed for 
4 hours with potassum hydroxide (16 g.), water (40 ¢.c.), and ethanol (@0 cc.). After dilution, extrac- 
tron with ether, and acidification, the sem-solid mass was collected and crystallised twice from light 
petroleum (b. p 60-—#0°), giving cychoAesemocyclohe 2 -acottc acid (1V) (11-5 @.) as email leaficts, 
m 02.00" unaltered by further crystallisation (Pound: C, 744; H, 10-6. C,,H,,O, requires C, 
ey H, 16-56%). The light petroleum mother-liquors yielded a ‘further quantity of the acid, b b. p. 169-— 
71° 5 mm. (9-5 g.), which crystalied on storage. 

2 -Amimomethylcyclohesanocycloheptane = (V).—«ycloHexanocycloheptane-2’-acetic acid (05 g.), 
dissolved in concentrated sulpharic acid (18 c.c.), was covered with a layer of chloroform (9) c.c.) and 
vigorously stirred while socium azide (3-6 g.) was slowly added. Stirring was then continued whilst the 
temperature was raised to 40°. and alter evolution of gas was © lete the mixture was poured on ice, 
made alkaline with xxihum hydrosuie, and extracted with ether he extract yielded 2’ -aninomethyi- 
o7euiesanenreichaptone (V) as an ofl (7-1 g), b p. 168—110°/3 mm., af 1 S016 | Found C, 797; 
H, i128; N. 74 tla’ requires C, 706: H, 12-7; N, 77%). The benzoyl derivative, prepared by 
the Schotten Seosntae technique, was crystallised 3 times from aqueous ethanol and obtained as thin 
hexagonal plates, m. p. 129-131" (Pound: C, 8e0; H,®7;, N, 46. C,,.H,.ON requires C, 800; H, 
O45; N, 46%) 

Acton of Nitrows Aad on TY -Ammomethyleyclohesanccyclohepian: § (V) Dec ahydrohe plalene 
Vi Teo the amimomethy! compound (V) (7-1 g.), dissolved in glacial acetic acid (3-6 cc.) and water 
70 «.c.), was added sodiam nitrite (42 4.) in water (28 c< and the mixture then heated on the water- 
bath vatil evolution of nitrogen had ceased The cil which separated was extracted with ether, the 
extracts were washed with aqueous sodium hydroxide, dried, and distilled, giving two main fractions 
4) b. p. 53-09" oS mm. (1-4 g), and (6) b. p. 106-115") 1 mm., aff 11-5022 (3-6 ¢). Redistillation of 
traction (@) over extimam gave decahydrohepPtalene (V1) as a colourless oil (14 @.), b f 58-62" 0-5 mm., 

{ 
ue 





|) 14008, which became slightly brown when kept (Pound : C, 87-2; H, 12-3 a» requires C, 87-8 


Hi, 121%). Fraction (6) prebably consuts mainly of 3-hydroxydodecahydroheptaiene (VII) | Found - 
C, T74, HL ALG Cyhig® requires C, 701; H, 12-14 


Ethyl 8-(2-Keto-| -carbethorycyclopentyl)valerate.—Ethyl 2-ketocyclepentane-l-carboxylate (24 g.) 
was added to powdered sodium (3-5 g.) and dry toluene (200 cc), and the mixture stirred till evolution 
of hydrogen had ceased (ca. 2 hours). Freshly distilled ethyl S-iodovalerate (39 ¢ ; Carter, ]. Amer 
Chem. See, 1928, 66, 1067) was then added, and the mixture stirred and refluxed for 16 hours. Water 
was added, and the toluene layer separated, washed with dilute sodium hydroxide solution, dried, and 
dustilled, yrelding ethyl 4 (2 Acto-| -carbethoxycyclopentyl)jvalerate as a colourless oi! (28 g.), b. p. 180 


is? 4mm. (Found C, 636; H, &7. C,,HyO, requires C, 63-4; H, 85%). This ester did not 
yield a crystalline 2 4-diaitrophenythydrazone 

Lithyl 6-2. Ketocyclopentylvalerate (VIII The preceding ester (25 g.) was refluxed for § hours with 
concentrated hydrochloric acid (50 c.« diluted, and extracted with ether. The extract (A) was 
shaken with excess of dilute aqueous sxxlmum hydroxide. The alkaline layer yielded to ether crude 
é-2-ketoeyelopentyivalers: ack! (7-6 ¢) as an otf which failed to crystallise, bat which readily —_ a 
2 4-denitrophenyisydrasone which was crystallised 5 times from benzene-light petroleum (b - 
a") and obtained as orange plates, m p. 145--146° (Pound: C, 53-4; H, 58, N, 15-6 € iP, Og , 
requires C527, H.45. N, 1lo4% The crude acid (7-44) was refluxed for 4 hours with canal 100. « ; 
ami concentrated sulphur acid, and the ester molated in the usual way, combined with that remaimuing 
im the ethereal extract (4), and distilled, yielding efAy/ 5-2-Aetocyclopentvivalerate (VIIT) (14-6 8.) as an 
oil, b. p. 124—125°/1-5 mm., a}? 14567 (Found: | 72; H, O08 C,H,O, requires C, 67-9; H, 
9-4%, The 2. 4-dinitrophenylsydrasone of this ester after crystallimng twice from ethanol and once 
from methanol formed fine, orange yellow plates, m. p. 78-79" (Found. C, 540; H, 61; N, 140 
‘ sel tes ON, requires C, 55-1 H, 61 N\, 143% 

Kiayt ba Hyd sycyclopentylvaicrate To a solution of aluminium isepropoxide, made from 
alumunvem foil (3:1 ¢) and ssopropyl alcohol (34 « « by refluxing with a trace of mercuric chloride 
and carbon tetrachloride for 6 hours, was added ethyl 6-2-ketocyclopentylvalerate (VIII) (8-1 g.) in 
coopropy! alcahal (ou ¢ « The mixture was refluxed and allowed to distil very slowly whuile is "propyl 
alcohol was added at the same rate. after 6 hours the distillate was {ree from acetone, and the solvents 
were then removed from the reaction mixture under diminmhed pressure The product was then 
achiified with dilute hydrochloric ack and yiekled to ether ethyl! 3-2-hydroxycyclopentylvalerate as an 
ol (@8 ¢@ b p 146-150" 4mm. (Pound: C, 601; H. 110. C,.HO, requires C, 67-3; H, 103%) 
This ester is pot entirely homogeneous and probably contaims some of the related unsaturated ester 
below), and there um also the possibility of some ester exchange with the topropyl alcohol 

Kthyl b-cyclol'ent-l-cnyloalerate (IN The preceding hydroxy-ester (65 g.) in anhydrous ether 
Mice contaming pyridine (4-0 ¢ ) was slowly treated with thiony! chloride (3-7 g.) at 0°, and 4 hours 
later water was added, and the ethereal laver was washed with dilute hydrochloric acid and then with 
sodium carbonate solution, dried, and distilled The ester (1X) was obtained as a yellow oil (5-0 ¢.), b. p 
150-160" St mom, wf 14572 (Pound: C, 73-8, H. 10-7. CHO, requires C, 73-5; H, 10-2%), which 
may contain some of the corresponding sopropy! ester The tree acid (X) obtained by hydrolysis with 
aqueous alcohol: potasmum hydroxule was obtained as a pale yellow oil, b. p. 125-—130° 1-6 mm 

Cyelesation of bcycloPentylvaleru Acad (NX " { Cook and Lawrence, loc. ci The crude acid 
X) (1-4 @.) was converted inte the chlecide by the action of molecular quantities of thionyl chloride 
and pyridine in ether at 0", filtration, and evaporation under diminished pressure. The chloride was 
treated in carbon disulphide solution with anhydrous stannic chloride in carbon disulphide at —10 
and then allowed to reach room temperature overnight After duution the organic layer was washed 
with dilute sodium hydroxide solution and dried, the solvent removed under diminished pressure 
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and the residual oi] heated with dimcthylaniline for 3 hours at 180°. Addition of excess of dilate 


Phenylaydrasone which, crystallisations fine, red needies, 
m. p. 242-243" (Found: C, 56-9; H, 57; N, . Cyt sO N, requires C, 58-2; H, 5 N, 170%). 
\ crystalline oxime could not be obtained 

(b) (cf. Bachmann and Dreiding, joc. cit.). The crade acid (X) (20 g.) was dissolved in a solution 
4 anhydrous zinc chloride (0-3 g.) mm acetic acid (7 c.c.) and acetic anhydride (30 ¢ c.), and after 48 hours 
the mixture was heated to 780° for | hour and then well shaken with ether and dilute aqueous 
sodium hydroxide. The ethereal layer yielded a fraction (0-6 g.), b. p. 100--120°/2 mm., and a higher- 
boiling residue. The distillate gave a 2 “ey which after 3 crystallisations from 
ethy! acetate formed fine, deep-red needics, m. p. 232° mixed m. p. with the 2: 4-dinitropbenyt- 
bydrazone prepared by method (4) was 232°) (Found: C, 58-9; H, 56; N, 17-23%). Again, no crys 
talhne oxime could be obtained 

trans-cycloPentane-| | 2-dicarborylc Acd.—-Ethyl cyclopent-l-cne-|l-carboxylate (67 g.; Cook and 
Linstead, loc. cit.) in ethanol (250 c.c.) was refluxed for 4 hours with aqueous potassium cyanide (34 ¢ 
in 70 cc.), after which aqueous potassium hydroxide (30 g. in 60 cc.) was added and refluxing con- 
tinued for a further 6 hours. Concentrated hydrochloric acid (100 c.c.) was then added and epelo 
pent-!-ene-l-carboxylic acid removed in steam. When kept, the residual solution deposited frans- 
eyclopentane-| : 2-dicarbexylic acid which was crystallised from water giving the colourless acid (33 g.), 
mp iw 

The acid (10 ¢.) was heated with thiony! chloride (20 <.c.) for 1 hour and then distilled and the di- 
acid chloride collected as an oi] (10-5 2@), b. p. 98—100"/2mm. This was added with shaking to aqueous 
ammonia (IM cc; €0-68) at 0°. The diamids aia kh from water in haghly refracting, rectangular 
risms (66 ¢), m. p. 303° (Found: C, 53-5; 180. C,H yO N, requires C, 53-0; H, 7-7; 

, 18-0% 

trans-| : 2-Diceyanocyclopentane..The preceding diamide (66 ¢.) was refluxed for 2 hours with 
thiony! chloride (20 c.c.), excess of the reagent removed by distillation, and the residue dissolved in 
ether, shaken with aqueous sodium carbonate, dried, and distilled. The dimirile (3-4 g.) was collected 


at 122°/6 mm. as an oil which set to a glassy mass on cooling (Found: C, 60-7; H, 69. C,H,N, 
requires C, 70-4; H, 67%) 


The authors’ thanks are offered to the I rtment of Scientific and Industrial Research for a 
maintenance allowance and to the directors of Monsanto Chemicals Ltd. for a Fellowship, which were 
held by one of us (G. O. A.), and also to Imperial Chemical Industries Ltd. for a grant which has met 
part of the costs incurred. The analyses are by Drs. Weiler and Strauss, Oxford 


Tue University, Barsrot | Received, December 13th, 1049.) 


NOTES. 
Preparation of N-Bromosuccinimide by an Electrolytic Process. By M. Lamcwern, 


Few methods for the preparation of N-bromosuccinimide have been reported, viz.. treatment of 
succinimide with N-bromoacetamide (Seliwanow, Ber., 1893. 96, 425), or with bromine and sodium 
hydroxide (Lengfeld and Stieglitz, Amer. Chem. J., 1893, 15, 215), or quickly brominating an 
ice-cold alkaline solution of succinimide (Ziegler ef al., Annalen, 1942, 661, Sv); 75-—-81%, yields are 
reported in the latter process. N-Bromoacetamide used in the first method is obtained (Hofmann, Ber., 
1882, 15, 408) by treating acetamide with bromine and ice-cold sodium hydroxide. All these methods 
thus employ bromine and sodium hydroxide, the function of which is to produce the hypobromite ion 
required for the reaction. Half of the bromine used is converted into bromide and is useless for the 
process, also, at least one equivalent of sodium hydroxide is consumed. In the process described below 
hypobromite ions are produced without the use of bromine and with the use of only a smal) quantity of 
oven hydroxide an ice-cold solution of succinimide and sodium bromide is electrolysed between 
— electrodes with just sufficient sodiam hydroxide to keep the solution colourless. Of every two 
»romide sons discharged at the anode, one again enters the solution as a bromide ion after reaction with 
hydroxyl ions. Thus, for every bromide ion discharged one molecule of N-bromosuccinimide is formed, 
me hydroxy! ion is produced, and one molecule of hydrogen is liberated. N-Bromosuccinimide alone 
has a low solubility in cold water and ~ peg as a solid on the anode. Every bromide ion is effectively 
utilised. and the hydroxy! ions required are produced in the process. 

The N-bromosuccinimide produced varies in colour from straw-yellow to white depending on the 
conditions used. The crude unwashed product melted at 163°, but by washing it once with a small 
quantity of ice-cold water the melting point is raised to 178-5". Yields are 66% for the crude and 54% 
for the washed product 

The crude product could not be dissolved in benzene but after being washed with water it dissolved 
quite readily. The same phenomenon was observed with a sample of commercial material. The product 
ts evidently covered with a layer of a benzene-insoluble, water-soluble substance. Ziegler also reported 

innaien, 1942, 651, 80) that benzene was not satisfactory as a solvent for recrystallisation and used 
water. He considered the covering layer to be succinimide, but from the wash-liquor the | srmeney author 
could recover only N-bromosuccinimide. It is believed that the ben in this 
experiment may be sodtum succinate because on evaporation of ho Gihante ab encen tomsponstane (er in 0 
vacuum-desiccator) sodium 8 Ne ea ee ok 

Variation of the current density from 0-03 to 0-3 amp. per square inch made no difference to the 

3c2 
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very rapidly The use of a rocking anode facilitated the pooling of of the product and gave a slightly 
better yield and a paler product 

4 Water was saturated with seccinimide and an equimolecular amount of sodium 

was then dissolved in the solution. This solution was electrolysed between platinum 

at a current density of © 3 amp. per sq. in., in an ice-bath, and 10%, sod hydroxide solution was added 
drop by drop till the solution no longer became brown. The anode, if stationary, was shaken at intervals 
to allow the N-bromosuccinimide to drop off; a rocking anode was generally used. When 10 g. of 
succinimide were used with electrodes 14 in. square, 3—-4 hours sufficed for completion of the reaction 
The balk of the yieki was formed during the first hour 10 G. of crude product, m. p. 163°, were 
obtained. Alter filtration, 10 ¢. of succinimide and 10-3 ¢. of sodiam bromide were dissolved in the 
filtrate, and the solution was again clectrolysed, giving a further of 11-85 ¢. (66%) (m. p. 163°).— 
Unrvewerry of Cara Town, Sourm Araica. (Received, August 15ch, 1948 





Preparation of N-Acetyl-N-methylurea by an Electrolytic Process, By M. Lawcuen 


Tu electrolytic method for the preparation of N-bromosuccinimule described by the author pees 
note) indicated that imalo- hydrogen atoms could be substituted by bromine atoms during electrolysis 0 
af aqueous solution of an imide, sodium bromide, and a small quantity of sodium hydroxide. When 
the electeatyele is carried out in an ice-cold solution the reaction proceeds only as far as the N-bromo- 
imide which, if fairly insoluble in water, is precipitated. This was the case with \-bromosuccinimide ; 
when. however, a saturated ice cold solution o! acetamide, con sodium bromide and sufficient 
sodium hydroxide to keep it colourless, was electrolysed for 10 hours, N-bromoacetamude, being soluble. 
did not crystallise from the solution 

An N-bromo-amide would lose hydrogen bromide in warm sodium hydroxide solution, to form the 
ssocyanate (cf. the Hofmann degradation of amides), which would react with suitable ——— lf 
thus the electrolysed solution of acetamide, sodium bromide, and sodium hydroxide is allowed to become 
hot, or if the electrolysis is carried out without cooling, the N-bromoacetamide, if formed, should lose 
hydrogen bromide to give methyl tsecyanate. In practice white crystals soon eg and more 
separated after cooling These were identified (mixed m. p.) as N-acetyl-N-methylurea, formed by 
reaction of the methyl isocyanate with unchanged acetamide 

From a fresh solution 67% yields, calculated on the acetamide, were obtained, but if the filtrate of a 
previous experiment was used 70—80% yields were obtained. The product is almost pure and is quite 
white 

Previous methods are those of Young and Clark (/., 1898, 73, 364; methylamine is treated with 
acetylurethane) and of Odendal (| 4analen, 1918, 436, 228; acetamide is heated with bromine and sodium 
hydroxide until the solution becomes acid and yellow). Odenda! records yields of up to 75%, but the 
pH is critical and if the solution is slightly too alkaline the yield drops to zero and the process proceeds 
in a different way For every molecule of acetamide he used one molecule of sodium hydroxide and more 
than one molecule of bromine The electrolytic process described above eliminates the use of bromine 
and requires only small quantities of sodium hydroxxle as the bulk of the required hydroxy! ions are 
obtained from the electrolysis of the selution; also all the bromide ions should be available for the 
process and the subsequent eplitting off of hydrogen bromide should again regenerate the bromide ions 

Variations of current densities between 0-03 and 0-3 amp. per sq. in. made no difference to the 
product except that it was formed much faster and yields were better at the higher current densities 

Esperimental A saturated solution containing acetamide (30 ¢.) and sodium bromide (15 g.) is 
electrolysed between platinum electrodes at 0-3 amp. per sq. in. with just sufficient sodium hydroxide 
(10%) added to prevent the solution becoming brown. Further small quantities of sodium hydroxide 
may be needed later. Crystals form in the solution after }——1 hour, depending on the current density 
After about 10 hours the solution was cooled and filtered, and the product (20-2 g.) was washed with 
ice-cold water. After recrystallisation from benzene it had m. p. 180-181" (Found: C, 41-6; H, 
68. Cale. for C,H,O.N,: C, 41-4; H, 609%).-Universiry oF Care Town, 5S. Araica. (Received, 
dugust (Wh, 1949 


The Hydrotysis of NN‘-Dentiro-oxamide-NN‘-bis-(2-ethyl Nitrate By J. Vavcwan 


The preparation and properties of this dinitrate (III) have been investigated by Wright ef al. (¢.g., 
Stuart and Wright, Canadian /. Nes, 1948, 86. FB, 401 The hydrolysis of this compound is of interest 
because on theoretical grounds it appears that aqueous hydrolysis should proceed quite readily. When 
the group ~NR“NO, is linked to an alky! group KR, as in (1), the new R-N linkage should be relatively 


. k ‘ ' secnyChyONO, 
> CO--N 

R-—-N 2) ' NO 

~ , 

SF N y ‘8. | NO, 
ol co : 


N 
_e — CHyCH,-O-NO, 
1 tl 


stable because the elec —- tendency of the amino-nitrogen atom can be partly met by the electron- 
donating effect (4) of the alkyl group. When the group -NR’-NO, is linked to a carbonyl group, asin (11), 
the electrophilic tendency of the amino-nitrogen atom and the clectromeric effect (5), caused by the 
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oxygen, combine to make the carbonyl carbon susceptible 

= 8 lnkage (aoa ta be relatively una to 
(1), is very much 
be 





Prepared by the action of baling 
, 1888, 7, 17), but nitrourea is readily yyy —yz. 
by the presence of buses (sapwick's Organic C Compound (iit). 
itrourea, should be fairly readily Sie lara tian Sot cas possthiliny of the aby! nitrate 
croupings ans undergoing hvala tebe bora in mind 
inary experiments on the hydrolysis of (111), which is insoluble in water, have been carried out 
at 49° with a stationary amide-water interface The results can be semmarised as follows : () the 
acidity developed is, approximately, accounted for by the oxalic and nitric acids formed ; (ii) within the 
limits of aed Seer tha cual antio off alteis Gs enatan onda teamed 641 &. 


On the of these preliminary results, therefore, the hydrolysis of the substituted oxamide can be 
represented thus 


; 1}OH 
HO-H _ 
af HyCH,O | NO, 


O-- : 
] a « + 2NH(NOY-CHyCHyOH + 2HNO, 
er Ot qv, 


Monoethanolnitroamine (nitro-2-hydroxyethylamine) (1 V) contains an acidic hydrogen atom ; it might be 
expected, therefore, that this would be estimated in the total acidity. However, in the presence of 
acids, this compound is readily decomposed into ethylene glycol and nitrous oxide (Franchimont, Ree 
Trav. chim., 1902, 21, 50). It was established dw: the present work that nitrous oxide was formed 
during the hydrolysis in amount corresponding to at two-thirds of the theoretical 

Experimental —Hydrolysis was followed by determination of the loss in ight of the amide and 
estimation of hydrolysis products. The substituted oxamide was recrystall from acetone, dried 
im vacuo over phosphoric oxide, and passed through a 100-mesh B.S. sieve. Portions (0-6 g.) were each 
= in contact with distilled water (40 ml.) in 100-ml. conical Pyrex flasks fitted with standard ground- 
glass st 0-01 G. of lauryl alcohol was also added in each case in order to get thorough wetting of 
the c js, and the flasks were then placed in a thermostat at 49°. Although the lauryl alcohol would 
~— y increase the rate of hydrolysis, it was considered unlikely that the course of hydrolysis would 

flected. In this way an approximately constant initial area of interface between amide and water 
could be assumed 

Flasks were removed at intervals, and the solid residue filtered off. This was dried and weighed, and 
the m. p. of each prec te indicated that pure (III) had been recovered. The filtrates in each case 
gave positive tests for hes presence of oxalic and nitric acids. The complete filtrate then underwent the 
following sequence of determinations: (i) of total acidity by titration, (ii) of oxalic acid as calcium 
oxalate by permanganate, (iii) of nitric acid by “ nitron.”” In no case could more than a trace of 
nitrous acid be detected in the filtrate, using the Griess-Ilosvay reagent. The results are summarised 
in the table 


Time (days) Wt. of compound Total acidity Nitric acid Oxalic acid 
at 49°. taken (ml., »/10) (mil., »/10) (ml., ~/10) 


The author thanks the Chief Scientist of the Ministry of Su for permission to publish this work, 
which was carried out in the Armament Research Department of the Ministry in 1945.—Cantexsury 
Univexsity Cottzce, Caxisrcwurncn, New Zeatanp. (Received, September 20th, 1949.) 





Reactions in Sunlight. By Fawry Gaaut Bappar 


Mustara and Ista (/ , 1949, S 61) claimed that the dimer obtained by exposing 9-benzylideneanthrone 
im benzene solution to sunlight has the structure (II) because bdewe epg (it) on being heated at 
270° it regenerates the monomer, and (ii) it has the correct molecular The 

however, have the isomeric structure (I), which would give only 
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that the above authors failed to molate any stilbene among the decomposition products supports 
structure (I) rather than (11) 


Ph «4 Ph uw Ph 


Li 


i 


Similarty, in the photo reactions between retenecquinone and ®benzyhdenexanthen or methylene 
anthrone and between chrysenequinone and triphenylethylene (Mustafa, /., 1949, 5 83), the constituent 
molecules can theoretically enite im two ways to give two tsomerides, which would give wentical 
woducts on thermal decomposition Pouap | Untvexsiry, Facetty oF Science, Appassia, Carro 
Rov Lal Reesived, October Sth, 1949.) 


3-Hydroxy-4 : S-dimethowybentoic Acid Derivatives. By J. R. Anstex and D. E. Wurre 


S-Hyosoxy-4 : 5-ormernwoxyverenzorc acip has been synthesised from gallc, 5-nitroveratric, and 
>bromeoveratr acid Spath and Kévler's method starting from gallic acid (Monatsh. 1022, @. 
93) ws most convenient for the preparation of the acid in quantity; the acid has been characterised by 
the acetyl derivative, which melts 10° higher than that prepared by Shriner and McCutchan (/. Amer 
Chem. Soc., 1929, 61, 2193) from a low-melting sample of 3-bydroxy-4 : 5-dimethoxybenzoic acid 
Ethylation with ethyl sulphate and alkali gave 3 4-dimethoxy-5-ethoxybenzou acid, m. p. 117—118° 
Seshadri and Venkateewarla (Proc. /udian Acad. Sci, 1946, 23, A, 206) describe this acid as melting as 
164", only 3° lower than their sample of trimethyigailic acid. This m. p. appears to be in error as the 
tsomertc 3. 5-dimethoxy-4-ethoxybenzoic acid (Bogert and Ehrlich, / ‘non Chem. Soc., 1919, 41, 801 
melts more than #0" lower than trimethyigallic acid 
Methyl and ethyl 3° 4-dimethory-5-ethoxybensoale were prepared with the appropriate alcoho! and 
sulphuric ace 
Espertmental (M. p.a are corr 3-Hydroxy-4 : 5-dimethorybensove acid. Prepared by the method 
of Spath and Réder (Joc. ett.), this acid formed colourless acedies (from water), m. p. 195-196", consider 
ably depressed by admixture of syringic acid (m. p. 207 Whee reflaxed (1 ¢) with acetic anhydride 
(5 mi.) and pyridine (1 drop) for 30 minutes, it gave an acetyl derivative (1 ¢.), isolated by pouring the 
mixture into water and forming long colourless prisms (from aqueous methyl alcohol), m. p. 148° (Pound 
C, 6606, H, 42. Cale. for C,,H,O,: C, 550; H, 50%), considerably depressed by admixture with 
acetyleyringtc acid (m p. 184-186 
3: 4-Dimethony-\-cthosybenrote acid. The above acid (18 ¢.) in 10% sodium hydroxide solution 
al.) was boiled ender reflax during the addition, daring 30 minutes, of ethyl sulphate (40 mi.) and 
> ham bydroxde solution (132 mi Kefluxing was continued for | hour, and ethyl sulphate 
and 20%, «xhium hydrosikle 1 (40 mal} added during the next 15 minutes After refluxing 
a tarther 3) mioutes, ethanol ni.) was removed by distillation, and the solution treated with 
and aculified with hydrochloric acid The acid (20 g.) formed colourless needles and 
and after two crystallisations meited constantly at 117--118" (15 ¢ 
a) ‘ alc. for C,, O,: ¢ a4, H, 62% 
Methyl and ethy 4-dimethoxy-5-cthoxybenzotc acid (5 g.) in the appropriate 
1(0 mi.) wa acid (0-2 mi } for 8 hours and the ester isolated by distillation 
rt ot ‘ ‘ ei ther, and washing of the extract to remove acids After 
ing (Na, SO n t tion « re ether the ester remained The methy/ ester crystallised as colourless 
neeiles, mp. 51+ } ’ C, 08, H, 676. C,,H,.O, requires C, 50-908; H, 671%), from 
40%, methy! alcohol ; ster was a colourless oil, | 139—140° /3 mm., 106—106° 1 mm 


nlf 1-5268, aff 14 A 7 , requires C, 61-3; H 


1% 

The authors a " » financial support from the Commonwealth Research Grant to Australian 
Universities anc roan Drs. Weiler and Strauss UNIVERSITY OF WESTERN AUSTRALIA 
Necewed Jia, 1048 
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LURING investigations on th ‘ phon of 2 dinitrot ovihvdrazones on activated alumina, a series 
of substituted benzaldehyde | dinitrophenyihydrazones was prepared Nine of these derivatives 
are new and it therefore seeme lemrable to record the new data The Stephen reduction of nitriles 
(/.. 1985, 187. 1874) has been apphed for - ’ to the synthesis of four of the aldehydes used 
These preparations are briefly recorde 
m- ) olwaldehy de ee Tolunitrile (8 

m dry ether (50 cc ) saturated with dry hydrogen chloride \fter 2 days the crystals which had deposited 
were filtered off and steam-<distilied. The aklehyde was ether-extracted from the distillate, dried 
and distilled in an atmoephere of carbon dimade. B. p. 198°/756 mm. Yield, 50%. Von Auwers 
(damalen, 1915, 408, 237) gives b. p. 195°/745 mm 


g ) was added to anhydrous stannous chloride (25 ¢.) dissolved 
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m-C Alorobenzaldehyde. -m-Chlorobensonstrile (2-9 g.) and stannous chionde (10 g.) wm dry ethereal 
hydrogen chilorude (30 cc.) gave after 24 hours, the aldehyde of b P- 3-218" (53%). 
Erdmaan and Schwechten (sted., 1890, ~~ give b. p. 213-214". 

p-Bromotensaldehyde.—p-Bromobensouitrile (10 ¢.) and stannous chloride (31 ¢.) im a ye em 
hydrogen chloride (200 <.c.), when kept overnight, gave an aw which, when 
and then rec rystallised from dilute methanol, had m. p. 57 (62%). Adams and Voliweiler (/. Amer. 

, 1918, a! sta8) rd nen p. 56-57". 

p-le . “iubenzonitrile (10 g.) in dry ether (50 c.c.) with saturated, dry, ethereal 

— chlonde pt (150 ¢.c.) contamming anhydrous stannous chioride (40 g.) gave similarly, 
ter 24 hours, the aldehyde (56%), m. p. 77° (from aqueous ethanol). Wiligerodt and Bogel (Ser., 
1905, 38, 3441) give m. p. 78”. 

In some cases more crystals of the aldimine stannichlonde were depusited in the reaction flask on 
further storage, so that the yields could be improved a little if necessary 

The Sandmeyer procedure described by Clark and Read (Org. Synth., Coll. Vol. 1, p. 514) for the pre- 
paration of o- and p-tolunitrile was applied to obtain the necessary m-tolunitrile, m-chloro-, p-bromo- 
and p-1odo-benzonitrile in 53, 59, 67, and 68% yield, respectively, trom the appropriate amines. 

veparation of the Dinitrophenylbydrazumes. -Except where otherwise stated, the general procedure 
for the preparation of these derivatives was to add a solution of the aldehyde in methanol to a ht 
excess of the reagent dissolved in sulphuric acid-methanol (1: 10) or dilute hydrochloric acid 
derivatives so obtained were repeatedly recrystallised to constant m. p. using, in most cases, two different 
solvents in succession, and dried mm vacwo at 100° for analysis. The m-amino-compound is an exception 
im this respect, in that we failed to recrystallise it in a satislactory manner without decomposition 
The solubiiities in benzene at room temperature were determined by using a Spekker photoelectric 
absorptiometer to measure concentrations. The tungsten lamp in conjunction with the usual heat filters 
and “ Iiford 601 " violet filters were suitable for all the solutions examined 

M ps were determined by using short-range Anschétz-type thermometers and are corrected except 
where otherwise specited 

m-Aminobensaldehyde 2. 4-dinstrophenylhydrasene. m-Aminobenzaldehyde was prepared tm sits 
by Buck and Ide's method (Org. Synt&., Coll. Vol. LI, p. 130), and its solution in aqueous hydrochloric 
acid added directly to a saturated solution of the reagent im the same medium. The brownish-red 
precipitate of the dinstrophenylaydrazone was washed with distilled water until free from chloride tons 
and dried in a vacuum desiccator. Solubility im benzene, 13 mg./100 ml. It decomposes from about 
230° (Found: N, 23-0. C,,H,,O,N, requires N, 23-3%). 

p-Amunobensaidchyvde 2.4 dinstrophenylhydrasome f-Amunobenzalkiehyde, prepared im situ from 
p-nitrotoluene by Beard and Hodgson's method (/., 1044, 4), was used immediately in dilute acid solution 
as dex mibed for m-aminobenzaldehyde. The precipitated dinstrophenylaydrasone was thoroughly washed 
until free from mineral acid and was obtained as a light-brown pou, m. p. 1926-—104-6" (slight 
decomp), after recrystallisation from methanol (Found : N, 23-4 ult, ,O,N, requires N, 23-3 

m-, bright yellowish-orange crystals (from aqueous pyridine and then from xylene) (solubility in 
benzene, 4 mg./100 ml.), m. p. 266--257° (Pound: N, 15-2. C,,HsO.N,Br requires N, 153%), and 
p-bromobensaldehyde 2 4-dinitrophenylhydrazone, bright orange crystals {trom aqueous pyridine and 
then from xylene) (solubility in benzene, 25 mg./100 ml.), m. p. 256-—-257-5" (Found: N, 15-5%), were 
obtained by the general method 

p-Carbosrybenzaldehyde 2. 4-dinitrophenylhydrasone was prepared by adding the reagent im hot dilute 
hydrochloric acid to the aldehyde in the same solvent. The precipitated derivative was filtered hot and 
obtained as bright light-orange crystals from aqueous pyridine It was further recrystallised from 
nitrobenzene. It was practically insoluble in benzene. M. p. 319-5--320-5° (uncorr) (Pound: N, 17-1 
CyH,O NN, requires N, 17-0% 

p-lodobenzaldehyde 2 : 4-dinitrophenylhydrazone was obtained by the general method. The pre 
cipitated derivative was washed with boiling dilute hydrochloric acid and then with water. After 
recrystallisation from an aqueous pyridine-methanol and finally — xylene it yielded pale orange- 
wry crystals (solubility in benzene, 38 mg./100 mil.), m. p 5257-6" (Pound N, 13-7 

yll,O,N,1 requires N, 13-6%) 

The standard method yielded 2 4-dinstrophenylhydrazones from f-carbomethoxy benzaldehyde 
pale-orange, m. p. 263-5-—-265° (from aqueous pyridine) (Found: N, 164. C,,H,,O,N, requires N, 
16-2%,) (solubility in benzene, 14 mg./100 mil.), m-methoxybenzaldehyde, brilliant red crystals (from 
_— and then from xylene) (solubility in benzene, 32-6 mg./100 ml.), m. p. 2148-62195" (Found 

1, 17-7. Cy,H yO N, requires N, 17-7%), and m-tolualdehyde, bright orange-red crystals (from aqueous 
>yridine one then from xylene) (solubility in benzene, 152 mg./100 mil.), m. p. 211-5-—212-6" (Found 
1,188. C,H ON, requires N, 18-7%). 


One of us (J. B. B.) gratefully acknowledges his indebtedness to the Chemical Society for a research 
grant and the other (E. M. W_) to the Department of Scientific and Industrial Research for a maintenance 
grant.—Tae Epwarp Davies Cuemicat Laporatories, Usiversiry Cottecr or Watns, 
Angrystwytn. (Received, October 31st, 1949.) 


The Resolution of p-Chlorobenshydrol. By G. H. Garew and J. Kuwvon. 


THe main ee Oe ee ees ¥ the read 

with which alkyl-oxygen fission occurred di reactions of this compound and its derivatives with that 
of o-chlorobenzhydrol and its corresponding watives, The latter compounds were shown (Balfe 
et al, J., 1946, 797) to exhibit only negligible fission due, doubtless, to the deactivating 
influence of the chlorine substituent. For this reason and also because it was found that p-chlorobensz- 
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rp apo undergoes bydrolyss to the carbinol with extreme readiness further investig- 
tions of p-chioroben. 


rol and its derivatives was not with. 
Esperimental —p-Chicrobenzhydrol was readily obtained in good by the reduction of p-chloro- 
with etther aluminium ¢ ypoxide or, very canveeapate, with zinc dust (an equa! weight) 
and sholic sodium hydroxide (10 16%). It separated boas’ hehe petroleum in needles, m. p 
A 

( + )-p-CAlorobenshydryl hydrogen gene A solution of phthalic anhydride (15 g.) in boiling 

ydrows ane ° G0 au segttly Cound 00 cheat SY) en8 tained wees Pasebenmedent (9 6 
and the whole mass thoroughly stirred; it gradually stiffened and set solid within a few hours. It was 
then heated at 60° for 2 hours, cooled, and dissolved in acetone and the solution poured, with stirring, 
inte water containing a slight excess of hydrochloric acid. The — solid was dissolved in ether, 
extracted therefrom with sodiam carbonate (5%), and finally precipitated with cold dilute hydrochlonc 
acid (+) -p-Chlorobenchydryl hydrogen phthalate separated trom b in needles, m. 152° (Found 
(ey tration in acetone ethanolic solution with ~/10-NaOH): M, 366-8. C,,.H,,O,C) requires M, 

Py 

( —)-—p-CAlorobenthydryl hydrogen phthalate The only reasonably successful procedure for obtaining 
this compound appears to be to leave a solution of the brucine salt of the (+)-ester in ethyl acetate to 
evaporate at room temperature until a suitable arnount of crystallisation has occurred 

A solution of the (+ )-hydrogen phthalate (45g ) and brucine (50-44) in dry ethy!l acetate (275 c.c.) 
was divided between eleven conical flasks (100 ¢.c.), each containing a “ seed" of brucine salt, 
left uncovered during 4 — The various crystalline crops, m. p. 113° (decomp.), were separated by 
decantation of the mother liquors and each recrystallised twice more by the same procedure. Further 
fecrystallisation was uded owing to progressive decomposition of the salt, mably by hydrolysi 
into p-chlorobeazhydrol and brucine hydrogen phthalate. The recrystallised ne salt was d ved 
in acetone and decomposed with cold dilate hydrochloric acid, and the liberated acid ester purified by 
solution in sodium carbonate as described above (yield, 9g. m. p. 135° It suffered no change either 
in m. p. of rotatory power by crystallisation from benzene 

(+ )-p-Chlorobenshydryl hydrogen phthalate. The combined mother liquors from the first crystallis- 
ation of the brucine salt on stor deposited two further small crops of salt which were removed by 
Gitration, This final filtrate on decenpesition yielded the (4)-acid ester (15 g.), m. p. 146", [a) seq, 
+t-1° @, 10; ¢, 26-7 in acetone solution) 

(—) Alovebenshydrol. The (—)-acid phthalic ester (5 g.) in hot methanol (0 cc.) was mixed with 
sodium hydroxide solution (5 c.c.; 40%) and the whole heated on the steam-bath for 10 minutes 
Water (200 cc.) was added to the cooled solution to dissolve the precipitated sodium hydrogen phthalate, 
and the liberated carbinol was extracted with ether. It (3 ¢.) had m. p. 54-56", unchanged by crystal 
lisation from light petroleum 

(+)-—p-CAlorobenshydral. The (-4-)-acid ester (7 g.) by similar treatment yielded (+)-p-chioro 
benzhydrol (4 g.), m. p. 50-54". 





Specific rotatory powers (1,10; temp. 20°) 
e.g. 0c ¢, £./100 cc. 
Salvent of solution. [a) sess “@)eree- [4] sees Solvent of solution. [a) sess. [@) 5700 


(—)-p-Chlorobenzhydry! bydrogen phthalate + )-p-Chiorobenzhydrol 


Chloroform i133 35 37 49° Chloroform 20-0 +137 +141 
Acetone i33 35 4 4:2 


)-p-Chlorobenzhydrol 


Acetone 13 is? w4 Chloroform 
Ethanol (99%,) 6 ise 7 Benzene 
Ethy! acetate 6 234 ‘ 


We have pleasure in expressing our thanks to Imperial Chemical Industries Ltd. for a grant 
Barrersea, Potyrecunic, Lonpowx, 5.W.11. (Received, Nowember 4th, 1949.) 


p- Bishalogencacetylbencenes. By W.C. J. Ross 


Dusine the examination of possible cytotoxic substances contaming two or more groupings capable of 
reacting with functional centres in biological systems (Everett and Ross, J., 1949, 1972; Goldacre, 
Loveless, and Ross, Nefure, 1949, 163, 667) the preparation of p-bishalogenoacetylbenzenes was 
undertaken. These compounds had previously been prepared by Ruggl and Gassenmeier (Helv. Chim 
deta, 1939, 28, 406) by direct halogenation of p-diacetyibenzene which was obtained by the sequence of 
reactions p-xylene ——> terephthalic acid > terephthaloyl chloride —> terephthaly idiacetoacetic 
ester ——> diacetylbenzene. The required compounds can be prepared more directly by the following 
route: terephthaloyl chloride ——> p-bisdiazoacetyl benzene —-»> hishalogenoacetylbenzene 
p-itsdiasoacetyibensene. Terephthalic acxi (3 g.), thionyl chloride (106 mil.), and pyridine (1 drop) 
were heated on a steam-bath for 3 hours. Dry benzene (30 ml.) was added, and the mixture was 
evaporated ender reduced pressure. The chloride (2 ¢.), m. p. 82-84", crystallised from light petroleum 
(b p. 60-40") Terephthaloy! chloride (1-5 ¢.) dissolved in dry ether (50 mi.) was gradually added to 
an ice-cooled ethereal (200 ml.) solution of diazomethane from nitrosomethylurea (5 g Next day, 
the dense yellow precipitate (2 g.) was collected and recrystallised from benzene. it formed short 
needles, decomp. ~ 370° when slowly heated but melting with decomp. when placed in a bath at 200 
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(Found: C, 564; H, 32. C,H,ON, requires C, 56-1; H, 28%. The dias»-compound is difficult to 
analyse since it explodes on heating) 

p- Bishalogenoacetyibenzenes. (a) The diazo-ketone (1 g.) was suspended in ether (50 mil.) and treated 
with concentrated hydrochior« acid (05 ml). After the evolution of nitrogen had subsided the chioro- 
acety! comp It formed needles, m. p. 186°, from methanol (Ruggli and Gassenmeier, 
loc. cit., give m p. 153°) (Pound: C, 520; H, 36. Cale. for € HO,» C, 520; H, 35%). (6) 
f- Pasbromoacety! . prepared similarty, formed tic needies. m. p. 176-177", from methanol 





Rugg and Gassenmener, “les omt., give m. p. 173"). (¢) The bromo-ketane (500 mg.) and sodium iodide 
(500 mg.) in acetone (10 ml.) were warmed on a steam-bath for 10 minutes. The iodo-compound which 
separated on adding water gave needles, m. p. 135°, from aqueous methanol (Ruggh and Gassenmeier, 
loc. ott., give m. p. 135°). 


This investigation was carried out during the tenure of a Sir Halley Stewart Fellowship.—Tus 
Cusster Beatrry Reseaecn Iwerrrers, FPormam Roap, Lowpow, S W.3 Receioed, December 1a, 
1949.) 
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Acetylene and Acetylenic Compounds in Organic Synthesis. 


Tae Tuoe~ Lecrus®, DELIVERED perone tHe Soctery at tHe Iepentat CoLLece oF 
Sctence ann Tecuwo.tocy, Lowpon, ow Ocroper 207Tm, 1949 


By E. R. H. Jones, D.Sc., F.R.LC 


Kecent developments in acetylene chemistry have been many and varied and, as a result, the 
opportunities for the use of acetylene and acetylenic compounds in synthetic work have been 
greatly extended. The advantages to be gained by employing these versatile and reactive 
compounds are not too widely appreciated and consequently when this lecture was first planned, 
more than two years ago, it had been intended to attempt a broad review of the whole field. 
In the meantime, however, several aspects of the subject have been admirably dealt with 
(Johnson, “ Some Applications of Acetylenic Compounds in Organic Synthesis,” R.1.C., 1948 
Bergmann, “ Acetylene Chemistry,” 1048; Sir lan Heilbron, Pedier Lecture, /., 1948, 386; 
Reppe, Experientia, 1949, 5, 93), and this lecture is therefore somewhat more restricted in its 
scope than would otherwise have been the case. Even with this almost welcome limitation the 
selection of topics has been by no means easy and to a large extent the examples chosen to 
illustrate the general theme have been taken from recent work in the laboratories at Imperial 
College, London, and at Manchester University. 

Although the original discovery of acetylene was made by Davy more than a hundred 
years ago, and many of its reactions and those of simple acetylenic compounds were investigated 
from 1860 onwards, especially by Berthelot and his school, it was not until the turn of the 
century that acetylene became readily available with the introduction of a method for the 
manufacture of calcium carbide. In the first instance, this availability of carbide led to the 
widespread use of acetylene as an illuminant (1894), to the utilisation of the cyanamide process 
for nitrogen fixation (1904), and to the employment of the oxy-acetylene flame (1006). The 
potentialities for organic syntheses, realised try Berthelot as early as 1872, were to remain largely 
unexploited for many years. It was not unti]) World War I that the conversion of acetylene 
into acetaldehyde, long studied in the laboratory, was realised commercially, and during World 
War II many processes based on acetylene, but not competitive under norma) conditions, were 
operated on a large scale in Germany The remarkable work of Reppe and his collaborators, 
revealing so many novel and fascinating reactions in the field of acetylene chemistry emanated 
largely from the need for the utilisation of acetylene as a major starting material tor the German 
organic chemical industry 

At just about the time when carbide became readily available, Nef (Annalen, 1890, 308, 264) 
discovered a reaction which, probably more than any other, has fostered the employment of 
acetylenic compounds in synthetic work. Reasoning from analogy with the zinc alkyls he 
demonstrated that the sodium derivative of phenylacetylene could be condensed with carbonyl 
compounds to give acetylenic carbinols (¢.g., 1), previously available only from the corresponding 


CH, CH, 
PhCSCNa CO-Ph > PhCSc<(OH)-Ph 


ethylenic carbinols by halogenation and dehydrohalogenation procedures. The Grignard 
reagents, discovered shortly afterwards, proved to be useful in this connection and in the 
succeeding fifty years this reaction has been found to be of an extremely general character, 
occurring between any compound containing a free ethyny! group and a carbonyl compound 
in the presence of a suitable condensing agent (cf. Johnson, “ Acetylenic Compounds,” Vol. I 
The scope of this addition reaction, espec ially for large-scale applications, has been greatly 
extended by the efforts of Re pre and his collaborators, who have deve loped the use of copper and 
related acetylides as catalysts. This discovery was applied most successfully to the manufacture 
of butynediol (HO-CH,*< CCHYOH) by the condensation of acetylene with formaldehyde, the 
first stage in the Reppe process for the production of butadiene 

One of the best-known synthetic uses of the ethynylcarbinols arises from their partial 
hydrogenation, followed by anionotropic rearrangement of the vinyicarbinols to the isomeric 

| 

terpene series as is illustrated by the syntheses of linalod! (Ruzicka and Fornasir, Helv. Chim. 
icéa, 1919, 2, 182), of farneso!l and nerolidol (Ruzicka, Helv. Chim. Acta, 1923, 6, 492). and of 
phytol (Fischer and Lowenberg, Annalen, 1929, 475, 183). Many more examples of the 


primary alcohols or their derivatives The value of this reaction was early appreciated in the 
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application of this convenient procedure are on record but some further instances from the 
steroid series will suffice to indicate its wide applicability. In the ethynylcarbinols prepared 


Me,C=CH-CH,CH,CO-CH, + C,H, at Me,C=CH-CH,-CH,-CMe(OH)-C2CH =p 


Me,C=CH-CH, CH yCMe(OH)-CH=CH, —> Me,C=CH-CH, CH, -CMe=CH-CH, OAc 
Linalodl Gerany! acetate 

from the 17-ketones of the steroid series the hydroxy! group has an orientation (§) different from 
that of the 17-hydroxylated substances isolated from the adrenal cortex. After partial hydro- 
genation and rearrangement to the primary alcohol, however, a hydroxy! group with the correct 
orientation (a) can be introduced by hydroxylation with osmium tetroxide [c/. the synthesis of 
17-bydroxyprogesterone (Prins and Reichstein, Helv. Chim. Acta, 1941, 26, 945) and the synthesis 
of Kendall's Compound E (Sarett, J. Biol. Chem., 1946, 162, 601)). 

A major extension of the field of application of acetylenic carbinols in organic synthesis arose 
from the discovery of the ready anionotropic rearrangement undergone by the carbinols and 
glycols obtained by condensations with «$-unsaturated carbonyl compounds (<f/. Awn. Reports, 


acts 
(IL) CHyeCH=CH-CH(OH)CSCH -———> CH,CH(OH)CH=CHCESCH (IIL) 


1944, 41, 175). While examining the properties of the acetylenic carbinol (I1) prepared from 
crotonaldehyde, it was found that on treatment with acids it was isomerised to the conjugated 
vinylacetylenic alcohol (III). The broad scope of this reaction has been clearly demonstrated, its 
kinetics have been studied, and the marked influence of substituent groups, which produce vari- 
ations in rates of isomerisation of 10°, is a notable feature (Braude and Jones, J., 1944, 436; 1046, 
122, 128). Its application in the case of the glycol (IV) from octatrienal points to its potentialities 
(TV.) CHyCH=CH-CH=CH-CH=CH-CH(OH)CeC-CH(OH)-CH=CH-CH=CH CH=CH CH, 


| 


ackha 
CH,-CH(OH)-CH=CH-CH=CH-CH=CH-CSC-CH=CH-CH=CH-CH=CH-CH(OHN)-CH, 


for the synthesis of conjugated polyenynes and it has found valuable use in the synthesis of 
vitamin A and its analogues (see Sir lan Heilbron, J., 1048, 386). Isler and his co-workers 
(Isler, Huber, Ronco, and Kofler, Hele. Chim. Acta, 1947, 80, 1911) utilised the anionotropic 
rearrangement of the ethynylcarbinol (V) from methyl vinyl ketone to prepare the C, alcohol 


CH, COCH=CH, > HCS=C-CMe(OH)CHECH, (V) — > HCOSCCMe=CHCH,OH (VL) 


CHYCH=CMe-CHO 
vil 


v 
CH, CH=—CMeCH (OH) C2C-CMe—CH-CHY OH 
(Vill 
¥ 
( ~H=—CH-CMe—CH-CH$CH+( Me=CHCH,OH 
Vitamin A 


(V1) which, by condensation with the C,, aldehyde (VII), furnished the glycol (VIII), ultimately 
converted into vitamin A 


The vinylcarbinols obtained by partial hydrogenation of the ethynyl compounds rearrange 


CH -CH=CH-CH(OH)-CH=CH, ——> CH,CH(OH)CH=CHCH=cH, — > 
(1X.) (X.) CHyCH=CH-CH=CH-CH,OH 
(XL) 

even more readily and in the simple case of the carbinol (IX) derived from crotonaldehyde it was 
shown that isomerisation occurred to give the secondary butadienyicarbinol (X) (Jones, Heilbron, 
McCombie, and Weedon, J., 1045, 84). It appears from recent work (Nazarov and Fisher, 
Chem. Abstracts, 1949, 43, 112) that the rapid isomerisation to the conjugated secondary carbinob 
is succeeded by a slow conversion into the primary sorby! alcohol (XI). 
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\s has already been indicated, a considerable variety of procedures can be utilised for the 
preparation of the normal acetylenic carbinols, 1.¢., the af-acetylenic carbinols [>C(OH)-Ca=C-). 
For the Byanalogues (¢.g., XII), however, the only procedure hitherto available employs the 
reaction between ethylene oxides and sodium acetylide in liquid ammonia (cf. Kreimeier, 
U.S.P. 2,106,182; Macallum, U.S.P. 2,125,284). Its scope is limited by the relative inaccessibility 
of the oxides and by the poor yields obtained. Even with ethylene oxide it is not easy to achieve 
yields of more than 50% and with increasing substitation the yields fall appreciably (propylene 


CHy-CH, + NaCSiCH ——» HOCHYCH,CECH (XII) 
ow 


oxide gives about 35% and isobutylene oxide only about 20% yields; Haynes and Jones, 
unpublished). It may be noted that it was while searching for new methods of effecting the 
condensation between ethylene oxide and acetylene, that the remarkable polymerisation of 
acetylene to cyclooctatetraene was revealed (Reppe, Schichting, Klager, and Topel, Annalen, 
1948, 560, 1). Seeking a more convenient route to the Gy-acetylenic alcohols it has now been 
established (Henbest, Jones, and Walls, J., 1949, 2696) that the Reformatsky type of con- 
densation, initially reported by Zeile and Meyer (Ber., 1942, 75, 356) between cyclohexanone and 
propargy! bromide, can be extended to include aldehydes, unsaturated aldehydes, and ketones, 
in reactions with a variety of substituted propargy! bromides 


la 
»C=0 +ErCHhyCS=CH —— > »C(OH)-CHyCSCH 


On the basis of our present knowledge it is hardly to be expected that any widely applicable 
methods can be devised for the preparation of y@-acetylenic alcohols. However, two novel 
examples of the formation of these rather inaccessible alcohols have recently been discovered. 
The condensation between epichlorohydrin and sodium acetylide in liquid ammonia gave, very 
unexpectedly, the primary alcohol, pentenynol (XIII) in about 40% yield (Haynes, Heilbron, 


HCSCNa + CCH,SCH-CH, — > (HCSSC-CH,CH-CH,) —~> HCScCH=—CH-CH,OH 
“ o (XL) 


Jones, and Sondheimer, J., 1947, 1583). Unequivocal evidence indicates that the initial step 
in this reaction is substitution to yield the acetylenic oxide followed by rearrangement to the 
alcohol, rather than the alternative addition to the oxide ring and subsequent elimination of 
sodiam chloride. 

The other example originated from the work of Paul (Bull. Soc. chim., 1935, 2, 745), who 
described the formation of the pentenol (XIV) from tetrahydrofurfury! chloride by treatment 
with sodium in an inert solvent. It has now been observed that with sodamide in liquid 
ammonia the corresponding pentynol (XV) is produced directly in over 70% yield. This 
pentynol, which has many potential synthetic uses, thus becomes one of the most easily accessible 
acetylenic alcohols. Propargy! alcohol (XVI) is almost certainly the major product resulting 


NaN, 
HOCH, ~H CH, CH=CH, <« City Ch y CH CH-CHGI > HOCH ySCHyCH,CeCH 
A1V,) ’ i> AV.) 
CH, CH-CH SC) > HOCHYC—CH (XVI 


“? 


from the similar treatment of epichlorohydrin but the optimum conditions for its formation and 
molation have yet to be fully elucidated (Eglinton, Jones, and Whiting, unpublished 

The experiences of earlier workers on the carboxylation of ethynylcarbinols were not 
encouraging, but it was found that by careful attention to the reaction conditions, especially to 
the choice of solvent for the Grignard complex, excellent conversions into the hydroxy-acetylenic 


Ly 
—le COC Mg Hr = > ~C=C0CO,H 
OMgBr : OH XVIL) 


acids (XVII) could be obtained (Haynes and Jones, /., 1946, 503). These acids have already 
jound several synthetical applications, for example, by partial hydrogenation, syntheses of 
af-ethylenic lactones are possible (Haynes and Jones, J., 1946, 954). With nucleophilic 
reagents, addition reactions of the esters lead to §-substituted y-hydroxyacrylic esters which are 
spontaneously converted into y-lactones (XVIII) (Jones and Whiting, J., 1949, 1423). On the 
other hand, if the esters are first oxidised to the y-keto-esters (XIX), a simple process, nucleophilic 
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addition reactions occur in the reverse direction with the formation of «-substituted B-acylacrylic 
esters (XX). 


cr, 
Ph-CH(OH) CSCO, Me ——_ PRCOCECOO Me (XIX) 


‘ v 
NEt, NEY 
PC HC=CcHCoO PrCOCH= COO Me (XX) 
ra} XV 


By taking advantage of the nucleophilic addition reactions mentioned above, some progress 
has been made towards the synthesis of the plant-growth hormone, auxin-d, as formulated by 
Kogl and his collaborators (Z. physiol. Chem., 1934, 226, 215). The evclopentencaldehyde (X XI), 
made by a route capable of extension to the more complex aldehydes required for the final 
auxin synthesis, is contlensed with propargy! bromide by a Reformatsky reaction, and the 
resulting Sy-acetylenic carbinol is carboxylated. Addition of piperidine to the acetylenic linkage 
of the ester, followed by mild acid hydrolysis, yields the §-keto-ester (XX1i) in excellent yield, 


On CHO — | —»~CH(ON) CH, C2C-CO,\H 
Be Ge oes til, Se 
‘ (XXL) A 


Ww Ww 


-> 


CH (OH) CH C=CH-CO Me em p—_ CH (ON) CH, COCH COMe 
N<(CH,), / (XX11 


> 


l 
oO oo Auxin-d 


por HCH, C(OH)—CH =, —CH(OH) CH COT HYCO 
(XX 


Hydrolysis of this ester with dilute sodium hydroxide solution, followed by acidification, leads to 
the lactone (XXIII), the conversion of which into the corresponding acid is at present being 
studied (Jones and Whiting, J., 1949, 1419; Brown, Henbest, and Jones, unpublished) 
Mention should be made at this stage of Raphael's elegant syntheses of dihydropenicillic acid 
and of penicillic acid itself (/., 1947, 805; 1948, 1508), both of which are based on reactions of 
the hydroxy-acetylenic acids. A synthesis of (+-)-kawain has recently been achieved (Fowler, 
Henbest, and Jones, unpublished) by the application of similar reactions according to the 
accompanying scheme; the relationship of the synthetic material to the naturally-occurring 
lactone, (-+-)-kawain (Borsche and Peitzsch, Ber., 1930, 68, 2414) being established by the identity 
of their ultra-violet and infra-red spectra. 
1 CM ie 
rhtH=—CH-CHO ~~ > PrCH=—CH-CH(OH)-CH, CECH > 

BF ,-HgO 

MeoH 
PrcH=< H+ H-CH, (OMe CH (+ )-Kawain 

‘> 4) 


Ph-CH= CH-CH(OH)-CH, CSC -COM« 


Ethylenic linkages result from the partial hydrogenation of acetylenic bonds and, since 
isome;risations are unlikely to occur during hydrogenation, this procedure has distinct advantages 
over most others for the synthesis of ethylenic compounds containing the -CH—CH- grouping. 
Moreover, the partial catalytic hydrogenation of an isolated acetylenic linkage is stereo-selective, 
that is, it gives rise mainly to the cis-configuration of the resulting ethylenic bond. This almost 
exclusive production of the cis-isomer and the unequivocal position of the ethylenic bond are 
valuable advantages accruing from the partial hydrogenation procedure; moreover, in the 
majority of the naturally occurring unsaturated fatty acids, the cis-orientation is found. It is 
not surprising therefore, to find several examples in which this procedure is utilised. It should 
be noted that transformation into the cis-form is not absolutely quantitative : some complete 
hydrogenation occurs and traces of the trans-isomer may be present. However, the isolation of 
pure cts-forms is relatively simple when crystallisable materials are being employed. 

In the synthesis of unsaturated lactones already referred to, lactonisation is possible only as 
a result of the cis-orientation of the double bond; in this case any trans-acid is eliminated on 
distillation. Lauer and Gensler (J. Amer. Chem. Soc., 1945, 67, 1171) have achieved the 
synthesis of the cis-form of the plant-growth hormone, traumatic acid, by partial hydrogenation 
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of the corresponding acetylenic dicarboxylic acid. The synthesis of cis- and trans-octadec-11- 
enoic acids (Akmad, Bumpas, and Strong, ]. Amer. Chem. Soc., 1948, 70, 3391, cf. 1699) illustrates 
Ne My, 
HCE CH, gt, ht ——& HOCCEC ICH, ,CO,H ete 
HOC CH@CH’CH, -COH is Traumatic aced 


clearly the potentialities for syntheses in the fatty acid series. Alkylation of oct-l-yne with a 
polymethylene chloride iodide leads to the chloro-alkyne and treatment of this with sodium 
cyanide suffices to provide the required carbon skeleton. Partial hydrogenation produces the 
oss-acid, which, on heating with selenium gives the jrans-isomer. Mention should also be made 

“4 NeCN and 


CH + HCH) yt! a Cpt ECCCH I ——— 


“, beet 


C,H, SCH, | CON is-}C, HCH CH CH, COM > trans (waceenic ack 


ol the syntheses of geometrical isomerides of the naturally occurring insecticide, pellitorine, and 
the homologous herculin (Raphael and Sondheimer, Nature, 1949, 164, 707), and of syntheses of 
alkenylphenols related to the constituents of cashew nut shell liquid and urushiol, the vesicant 
principle in poison ivy (Sietzinger and Dawson, /. Org. Chem., 1949, 14, 849, Wasserman and 
Dawson, thid., 1943, 8, 73 An interesting extension of these methods is to be found in the 
recent work of Raphael and Sondheimer (Nature, in the press) on the synthesis of linoleic acid, 
presumably in the di«<is-form. The final product has as yet been obtained only in small 


Rig ite 


CH CH) ,CO,H < 
id 
quantity but it gave a tetrabromide with the correct melting point. In view of the freedom 
from double-bond migration, procedures of this type may well prove to be particularly suitable 
for the synthesis of the rather unstable acids of the drying-oil type 
In 1870, Glaser (Annalen, 154, 159) made the surprising observation that, when the copper 
derivative of phenylacetylene was oxidised with air in ammoniacal alcoholic solution, a smooth 


> Phe CCS Ph 


coupling reaction occurred yielding diphenyldiacetylene. This work was extended by Baeyer 
in connection with his classical studies in the indigo series He effected the coupling of the 


copper derivative of o-nitr yphenylacetylene with potassium ferricyanide and converted the 
di(nitropheny!)diacetylene with sulphuric acid into di-isatogen and thence produced indigo by 
reduction with ammonium sulphide These experiments provided the first real evidence of the 
»ature of the carbon skeleton of indigo (Baeyer, Ber., 1880, 13, 2 1882, 15, 30 


The coupling reaction has been extensively studied and it has recently been shown 


contrary 
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to the experiences of earlier workers, that the coupling of ethynylcarbinols by the convenient 
procedure of aerial oxidation in the presence of cuprous ammonium chioride is a general reaction, 
applicable to carbinols of various types (Bowden, Heilbron, Jones, and Sargent, /., 1947. 
1579). Furthermore, the function of the cuprous salt appears to be largely catalytic and 
considerably less than one equivalent can be employed. 

The application of this oxidative coupling in the case of pentenynol (XXIV) to give the 
glycol (XN XV) in 70% yield (Heilbron, Jones, and Sondheimer, J., 1947, 1586) gives an indication 
of the scope of the method. Mixed coupling reactions cannot easily be effected in this way but 
it is worthy of note that Baeyer and Landsberg (Ber., 1882, 15, 57) obtained a good yield of 


(XXIV. 2HCSCCH=CHCHYOH —— > HOCH, CH=CHCSCCECCH=CHCHYOH (XXV)) 


o-nitrodiphenyldiacetylene by treating a mixture of phenylacetylene and nitrophenylacetylene 
with ammoniacal cuprous chloride and oxidising the mixed copper salts with potassium ferri- 
cyanide. Such mixed coupling reactions are better carried out, however, by interaction of 
acetylenic Grignard reagents with iodoacetylenes (Grignard and Perichon, Ann. Chim., 1926, 6, 5; 
Horn and Weedon, forthcoming communication) 

By oxidation of secondary ethynylcarbinols in acetone solution with chromic acid, the 
highly reactive ethyny! ketones (e.g., XXV1) are readily prepared (Bowden, Heilbron, Jones, and 


Ph-CH(OH)C=CH — > PhrCOCSCH (XXVL) 


Weedon, ]., 1946, 39). These substances undergo with notable facility a variety of addition 
reactions, and those with amines and other nucleophilic reagents, and with dienes, have been 
studied in some detail (Bowden, Braude, Jones, and Weedon, /., 1946, 45; Bowden and Jones, 
J., 1946, 52; Bowden, Braude, and Jones, J., 1946, 953). Application of the selective oxidation 
procedure to primary acetylenic alcohols yields the corresponding acids, and even the 
unsaturated glycol (X XV) can be oxidised smoothly to the dicarboxylic acid (XXVI1) (Heilbron, 
Jones, and Sondheimer, /., 1949, 604), 


XXV) — > HO,C-CH=—CHCSCCSCCH=CHCO,H (XXVIL) 


Kuhn and Wallenfells (Ber., 1938, 71, 1510, 1889) achieved conspicuous success in the 
synthesis of polyenes and cumulenes via acetylenic glycols. From the 1: 4- and 1 : 6-glycols, 
obtained by condensation of carbonyl compounds with acetylene and diacetylene, partial 


Po-H, 
Ph CH—CH-CHI(ON)-C=C-CHI(OH)-CH=CHP -> 
Ph-CH=CH-CH(OH)-CH=CH-CH(OH)-CH=—CHPh ——> Ph-CH=—CH-CH=—CH-CH=CH-CH=CHPh 
(XXVIILL) 
hydrogenation with palladium catalysts, followed by treatment with phosphorus di-iodide or 
chromous or vanadous chlorides, gave good yields of diphenylpolyenes (¢.¢.. XXVIII). On the 
other hand, direct reduction of the glycols with chromous chloride in the presence of hydrogen 


chloride yielded cumulenes, the scarlet tetraphenylhexapentaene (XXIX) being formed from 
the diacetylenic glyco! from benzophenone in 90% yield 


Ph,C(OH)-C=C-C=C-C(OH) Ph, —> Prc=—Cc=—c=—Cc=—C=—CPh, (XXIX 


Not unrelated to these studies are some investigations carried out during the past year on 
the preparation of the conjugated poly-ynes, compounds containing a series of conjugated 
acetvienic linkages The diacetylenes or di-ynes of this type are of course well known, being 
readily available by the coupling reaction already described. As long ago as 1885, Baeyer (Ber., 
18, 674, 2269) conceived the idea of making a conjugated tetra-acetylenic compound by the 
coupling of diacetylenecarboxylic acid, HCa=C-CaaC-CO,H, but the product proved to be 
extraordinarily unstable although on reduction with sodium amalgam he did obtain a small 
amount of what might have been sebacic acid. 

In seeking genera) methods we directed our attention to the observation that | : 4-dichloro- 
but-2-yne (XXX), prepared from the easily accessible butynediol with thionyl! chloride, yields 
diacetylene on treatment with alkaline reagents (cf. Keyssner and Eichler, G.P. 750,637; 
Johnson, /., 1946, 1009, 1014). It has now been found (Armitage, Jones, and Whiting, 
unpublished) that, when this process is carried out with sodamide in liquid ammonia, either the 
mono- or the di-sodio-derivative of diacetylene can be obtained at will, practically instantaneously 
and in quantitative yields. The ready production of the monosodio-derivative is particularly 
important since by straightforward substitution reactions, carried out subsequently in the 
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liquid ammonia medium, mono-substituted diacetylenes (XXXII) can easily be made. Already 
we have observed that these substances can be coupled by the standard methods to yield the 
conjugated tetra-acetylenes or tetra-ynes (XXXII) 


NaNH, Rital EtMgBr-1, ae 
CCH YCEOCHC! op NaCECCECH —> RCECCECH ——F R-CECCECCECCEOR 
(XXX) " (XXXL) (XXXIL) 


If the disodio-derivative, in the liquid ammonia in which it is formed, is treated with 
formaldehyde, then hexadiynedio! (XNXXIII) is produced in almost 90% yield. This can be 


CHO - s0c,- 
NaCSCCSCNa > «HOCH, CEC-CSC-CHYON vxr 
‘ 


(XXXL) oh. 


NaN 2 Me! eo Sao 
CCH CSC S0-CH,C) a 4 NaC=CC2CCSCNa > MeCSCCH=C-CC Me 


converted into the dichloride, and by repetition of the sodamide treatment the sodio-derivatives 
of triacetylene are obtained, and its mono- and di-alkyl derivatives and other condensation 
products thus become available. 

It is not possible at this stage to give more than a brief description of the properties of these 
novel substances, the parents of which are the polyacetylene hydrocarbons, C,H,. Considerable 
differences have been observed between individual members and, although in general they appear 
to be rather unstable under norma! conditions, in nitrogen or in a vacuum at — 70° they can be 
kept for reasonable periods. Dimethyltriacetylene (1: 6-dimethylhexatriyne) crystallises 
well and has m. p. 128°, and dimethyltetra-acetylene (1! : §-dimethyloctatetrayne), which is also 
beautifully crystalline, decomposes when heated above about 80°. The ultra-violet light 
absorption properties of the tetra-acetylenes have revealed some unexpected features, especially 
the remarkably high intensity of the absorption in the 2200--2500-a. region. The intensities, 
¢ ~ about 270,000, which have been observed in several cases, are amongst the highest ever 
recorded. Now that methods of synthesis have been developed, it is hoped to examine the 
physical properties of a wide range of substances of this polyacetylene series, since the enforced 
linearity of the conjugated poly-yne chain might be expected to endow these predominantly 
carbon-containing molecules with exceptional properties. 

Acetylene has frequently been employed in synthetic work mainly as a convenient and 
reactive unit for building up the required carbon skeletons. The scope for the use of acetylenic 
compounds in synthesis is, however, by no means restricted to this purpose, and in many of the 
cases already discussed due advantage has been taken of the well-known and unique addition 
reactions of the triple bond in order subsequently to introduce functional groups. No attempt 
can be made here to summarise these addition reactions, but some recently discovered procedures 
which break new ground merit special attention. 

The first of these concerns the conversion of ethynyl compounds into aldehydes. It has long 
been known that methyl ketones or their derivatives result from the catalysed hydration of 
compounds containing an ethyny! group; attempts have been made to obtain aldehydes by 
reversing the direction of hydration but such successes as have been claimed have been shown 


RCH CHO <-- RC2ECH >» RCOCH, 


to be largely ill-founded (for summary, cf. Chanley, ]. Amer. Chem. Soc., 1948, 70, 244) It has 
now been found that when thiolacetic acid reacts with monosubstituted acetylenes, under the 
influence of organic peroxides or irradiation with ultra-violet light, mono- and di-adducts are 
produced by “ abnormal " addition reactions, The mono-adducts on treatment with the usual 
carbonyl reagents are converted smoothly into derivatives of the corresponding aldehydes, while, 
NH, CONH NM, 

elute - CHSA > Bea CH=<—CHSH > Be CH CH—N-NH-CO'NH, 

Rat OCH 
¥ 
> Bee CHS Ac) CHYySA > Be CH SH) CHYySH Bu-CH, CHO 


under rather more acidic conditions, the di-adducts yield | : 2-dithiols (Bader, Cross, Heilbron, 
and jones, /., 1949, 610: cf. Behringer, Annalen, 1949, 664, 219) 

Another elegant method of obtaining aldehydes via acetylenic compounds has been described 
by Arens and Van Dorp (Nefwre, 1947, 160, 189; Nee. Trav. chim., 1948, 67, 973) in connection 
with their important synthetic work in the vitamin A series. These authors found that the 
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carbinols arising from condensation of ethoxyacetylene with carbonyl compounds gave, after 
partial hydrogenation, ethylenic carbinols convertible by mild treatment with dilute acids into 


4, acids 
.C=0 - -C(OH)C=c-ORt ——~> »>CIOH)CH=—CHOEt -—> »>C@CHCHO 


a$-unsaturated aldehydes. The last stage in this procedure is analogous to the behaviour of 
certain §-chlorovinyicarbinols under similar conditions (Jones and Weedon, J., 1946, 937). 
Finally, the discovery by Reppe and his collaborators (B.1.0.S. Final Reports Nos. 266, 355, 
and 358; see also Experientia, 1949, 5, 93) of a method of effecting the combination of acetylenic 
compounds and carbon monoxide provides an outstanding additional réle to the already 
extensive repertoire of the acetylenic bond in synthetic operations. Using nickel carbonyl, 
either stoicheiometrically or, together with carbon monoxide, as a catalyst, in reactions either 
with acetylene itself or with simple acetylenic hydrocarbons, Reppe succeeded in obtaining 
acrylic acid and related substances. This novel reaction thus leads to syntheses of branched- 


initia co- RC=CH, R-CH(OAc)-C=CH, 
Ss a (Ol ton (XXXIV) 

chain compounds by addition to the triple bond, a possibility realised hitherto only in a few 
instances such as the application of the Michael reaction to a$-acetylenic carbonyl compounds 
(e.g., Dey, J., 1937, 1057). Much careful study has been necessary in order to find suitable 
conditions for the extension of this reaction to acetylenic carbinols but, by employing the acetates 
of the carbinols in reactions with nickel carbonyl in alecohol-acetic acid media, reasonable 
conversions into analogues (XX XIV) of acrylic acid have been achieved. From the Sy-acetylenic 
carbinols, the hitherto practically inaccessible methylenebutyrolactone (XX XV), a naturally- 


HOCH, CH,CSCH —> CHyCH, 
0 (XXXV) 


occurring antibiotic (Cavallito and Haskell, J. Amer. Chem. Soc., 1046, 68, 2332), has been 
synthesised in this way (Jones, Shen, and Whiting, J., in the press). 


It is usual at this stage, when so much collaborative work has been described, for some tribute 
to be paid to those who, by their efforts, have contributed to the development of the subject. 
Although my remarks must, of necessity, be brief, I do not pay this tribute in any perfunctory 
spirit, but rather with a deep and sincere feeling of gratitude for the wholehearted co-operation 
and assistance which it has been my good fortune to receive. It is a source of much pleasure to 
note that several of our former co-workers are actively engaged in exploring and exploiting new 
territories in the vast realm which is acetylene chemistry. 

To you, Mr. President, in your réle as teacher, colleague, and friend, and to our many 
collaborators, both past and present, to whom most of the credit is due, I offer my warmest 
thanks 
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‘Abridged, by permission, from the Notice by the late Sir Robert Robertson in 
Otstuary Notices of Fellows of the Royal Society, 1948, 6, 251-262 


Om 10 March 1047, at the great age of ninety-three, Dr. Alexander Scott, inorganic chemist, 
died at Ringwood, Hampshire. He was born in the couaty town of Selkirk on 28 December 
1853, the son of Alexander Scott and the eldest of a family of four sons and four daughters, some 
of whom are now living 

The family appears to have migrated from the Scott Border country, for there are records of 
forebears being settled in Fife, in Kilconquhar or its neighbourhood, in the middle of the 
eighteenth century, evidently as farmers 

It was thus a return to the Scott country that the father of the subject of this Notice made 
when he was appointed Rector of Selkirk Academy in 1851, a post he held for thirty-three years 
He was also Kirk Session Clerk for twenty-eight years and an Elder for nine. To a testimonial 
in 1883, one hundred and sixty-five of his former pupils put their names and among these is 
Andrew Lang, who was Selkirk-born. It is however as a botanist that the Rector had the 
greatest influence over his son, for he was a field botanist of repute, identifying wild plants 
scientifically by the Flora and making excursions after the rarer kinds. Not only had this a 
profound effect on the son as is shown by his love of flowers, by his choice of botanists as friends 
and by his selection of plants in his London garden, but in the opinion of the writer, who has had 
a.similar fortunate experience, it was an early introduction to practice in scientific method 

In those days it was the custom to send boys to the University at an age which seems to us 
somewhat immature. Accordingly, young Scott matriculated at Edinburgh University in 
November 1868 at the age of fifteen. At first he had the idea of becoming an engineer, and 
towards this end studied under Tait and Fleeming Jenkin. Nor was botany neglected, for he 
attended the lectures of Balfour who had brought from the school of Sachs physiological! botany, 
a supplement to the field botany in which he had been hitherto interested. These studies were, 
however, soon subordinated to chemistry when he came under the influence of Crum Brown and 
of Dewar. Crum Brown not only devoted himself to those questions of structural chemistry 
with which we associate him, but ran large classes of over a hundred. It was a source of pleasure 
to Seott that in such a class he had the distinction of being Senior Medallist. In 1876 he 
graduated B.Sc. in Experimental Philosophy, his Doctorate following in 1884 with a thesis 
* On the atomic weight of manganese." During this time, as also later, he was noted for his 
phenomenal knowledge of the materials of inorganic chemistry 

From 1872 to 1875 Dewar was lecturer at the Dick Veterinary College and Scott was his 
student assistant 

In 1875 Dewar was elected Jacksonian Professor of Natura! Experimental Philosophy at 
Cambridge, whither Scott followed him in the same year, having been appointed assistant to the 
Jacksonian Professor Here he lectured on physical and organic chemistry and supervised 
advanced students engaged in research. In 1876 he obtained a Clothworkers’ Exhibition in 
physical science, and in 1878 a Foundation Scholarship in natural science at Trinity College. 
In 1879 he took his B.A. with first-class Honours in natural science, and graduated M.A. in 
1882. He also examined for Tripos and other examinations 

Influenced by Dr. Fearon, the headmaster of Durham School, in June 1884, Scott undertook 
the entire management of the science teaching in Durham School in a new laboratory erected by 
the Governors under his supervision. He was further induced to make the change as opportunity 
of time for original research was offered. Later, in a new chemical and metallurgical laboratory 
erected and equipped under his direction at Middlesbrough, by the Trustees of the High School, 
he lectured to large classes---with great acceptance according to Sir Hugh Bell Scott welcomed 
this opportunity of developing scientific teaching in the North of England, for, as he says in his 
first Presidential Address to the Chemical Society (1916), educationa! matters always interested 
him profoundly 

It was while here that Scott found the teaching of science in poor case, being handicapped by 
science masters either ill-trained or having to subordinate their efforts to preparing their pupils 


for answering the highly specialised questions of scholarship examinations In the same 








oe 
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Presidential Address, the opportunity of successful careers for science students is compared with 
the rewards open to classica! or mathematica! students, and an appea! is made for a change of 
outlook. 

Scott while at Durham must have led a strenuous life, for not only had he the supervision of 
the teaching of science at Durham and Middlesbrough schools, but he was busy at his experi- 
mental work, especially with his apparatus for determining the combining volumes of hydrogen 

. pry wee ae ergy a nee ae ae ee oe tne Ena Re 
. “ Introduction to Chemical Theory,” A. and C. Black, 1891, which ran 
into a second edition. 

In 1891 Scott returned to Cambridge as Demonstrator to the Jacksonian Professor (Dewar) 
and took up the threads of his experimenta! work and his tutorial activities. As before, the 
main topic of his research was connected with the determination of accurate atomic weights, and 
between 1891 and 1896 he presented several papers and wrote reviews of the subject to the 
scientific . 

In 1877 Dewar had become Fullerian Professor of Chemistry at the Royal Institution. This 
Institution took over the Davy-Faraday Research Laboratory in 1896 by Deed of Trust from 
Dr. Ludwig Mond who had munificently bought the next-door premises, fufpished them as 
laboratories and had put {62,000 aside for running expenses. The Laboratory was opened with 
much ceremony on 22 December 1896 by H.R.H. the Prince of Wales. It was designed to afford 
opportunities for skilled workers who had the wish and time to devote to the solution of important 
problems. All laboratory facilities but no emoluments were provided for the workers. 
Professor Dewar and the third Lord Rayleigh were appointed Directors, and Dr. Alexander 
Scott Superintendent of the Laboratory. Here Scott worked for fifteen years on the determin- 
ation of the atomic weights of various elements and methods for the preparation of substances 
in a state of high purity, but his advice was frequently asked by the workers in the Laboratory, 
who included Horace T. Brown, H. Debus, A. Liversidge, A. Mallock, Hugo Miiller, Joseph 
Petavel, Charles E. S. Phillips, P. C, Ray, W. J. Russell, G. Senter, and Henry T. Tizard. With 
these his relations were very amicable and he held the respect of the staff. As one of the workers 
of that time has said, Scott had a kindly friendliness to the sincere worker. He was intolerant 
of slip-shod work. 

This went on till 1910 when it was decided by the Managers to terminate the office of 
Superintendent in 1911. This led to much acrimony between Scott and Dewar, as might be 
expected between two personalities of such individualistic and independent character 

In 1898 Scott was elected into the Royal Society. 

Scott now worked in his own laboratory at Upper Hamilton Terrace and devoted much time 
to the affairs of the Chemical Society. After having been two years on the Council (1897-1899) 
he held the post of Secretary until 1904 when he became Treasurer and held this office until his 
Presidency (1915-1917). More systematic arrangements for the conduct of its business were 
made by Scott, and under his leadership the first steps were taken which led to the formation 
and incorporation of the Association of British Chemical Manufacturers, a body which has done 
much to secure a prosperous chemical! industry and had itself provided assistance to the Chemical 
Society. 

During this period Scott delivered two Presidential Addresses to the Chemica! Society : the 
one (1916) containing a sketch of the history of the Society, Scott's views on research and his 
strictures on the outlets for chemists, referred to above, and the other (1917) dealing with the 
atomic theory and Prout's hypothesis. 

A new interest was aroused when, in 1919, at the request of the Department of Scientific and 
Industrial Research, Scott conducted an inquiry into the condition of objects at the British 
Museum alleged to have suffered deterioration by storage in London's Underground during the 
1914—1918 war. A small laboratory was established at the Museum on his recommendation, 
sanctioned by H.M. Treasury on the condition of its being a “ purely temporary experiment 
to come to an end in three years."’ Here, under his supervision, a scientific study was made of 
ancient materials and their reactions to various environments, and methods of preservation and 
restoration were worked out and in due course published. How successful was the work done 
may be judged by the subsequent development of the laboratory idea in museums in general, by 
the eventual incorporation of the original laboratory as a separate department of the British 
Museum (recommendation of the Royal Commission on Museums) and by the views of the 
parent Department expressed at the time of transfer recording cordial appreciation of the 
distinguished service of Dr. Scott, service which has enhanced very considerably the value of 
our National Collections and works of art.” 











764 Obituary Notice. 


He retired in 1938, aged 45, mentally as alert as ever and able to maintain the keenest interest 
im science and in museum work to the very end. He was beloved by his staff at the Museum, 
and for them will remain a great tradition, a symbol of the dignity of science and of mental 
vigour and integrity . 


SCIENTIFIC WORK 


Attainment of the highest possible accuracy in the determination of the atomic weights of 
elements was the method, but the philosophical inquiry underlying Scott's work was as to 
whether Prout's hypothesis was true in fact 

In Dalton’s Atomic Theory it is postulated that all the atoms of an element are similar and 
equal in atomic weight. For many years this was fully accepted by chemists, with one exception, 
that of Crookes who, in 1886, suggested the idea of the heterogeneity of atoms, a conception at 
that time and for many years after considered as highly speculative, but which was nevertheless 
true, for many years later Aston showed that atoms are accompanied by other atoms of similar 
chemical properties but of slightly different weight called isotopes, whose relative abundance 
settles the atomic weight as determined by analysis 

Founding his speculation on Dalton, Prout, an English chemist and physician, sent in to the 
tnnals of Philosophy in 1815 and 1817, papers in which, with the values then available, he 
calculated that the weights of a number of elements were multiples of that of hydrogen; this he 
considered the npery, OAn of the Greek philosophers. The validity of this hypothesis was a matter 
f contention among chemists for a hundred years 

The obvious course was to ascertain if it was true in fact, and the quest proved a very potent 
stimulus to inquiry, especially demanding the most careful determination of atomic weights. 
To this end chemists apphed themselves, striving after more and more accuracy by using greater 
end greater precautions. Various compromises were suggested, for example, halving the unit 
on account of the uncomfortable value of 354 for chlorine, and even quartering it. Dumas, in 
1842, by a method used earlier by Berzelius and Dulong, that of passing a stream of hydrogen 
over a weighed quantity of heated copper oxide and weighing the water produced, got a result 
showing that 2 parts of hydrogen are combined with 15°96 parts of oxygen, but Dumas, on the 
basis of Prout’s hypothesis assumed the ratio 2: 16 

The chemists were divided as to the validity of Prout’s hypothesis. When, in 1860, Stas 
the superb experimenter, began his researches, he undertook them as he said, with © an absolute 
belief in the exactness of the principle of Prout,’ but in a few years, as a result of his own work 
he took the view “ that the hypothesis of Prout is a pure illusion." 

In 1880, Mallet stated that out of eighteen elements, ten approximate to integers within a 
range of Ol unit, and remarked that “ not only is Prout’s Law not as yet absolutely overturned, 
but a heavy increasing weight of probability in its favour or in favour of some modification of it 
exists and demands consideration 

it was thus at a time when unequivocal values were required for atomic weights that Scott 
started, at first in Cambridge with Dewar, then extramurally by himself at Durham, then again 
alone at Cambridge and finally at the Royal Institution, to provide accurate atomic weights 
always having in mind the need to test Prout’s hypothesis 

tiomic Weight of Potassium and Sodium During 1875-1884 published papers are in the 
names of Dewar and Scott, and in the first of these were determinations of the vapour densities 
f potassium and sodium (1879), as a clue to their atomic weights. The Victor Meyer displace 


ent method was used, and in the first instance the metals were vaporised in a heated iron pot 
As difficulties arose from the action of the vapour on iron, this was then replaced by a platinum 
vessel in spite of the “ terrible waste of the metal. It is concluded that in the state of vapour 
potassium and sodium are monatomic, but this method does not, of course, provide precise 
atomic weaghts 


fiomme Weight of Manganese Determination of the atomic weight of manganese follows 
1881), values having been reported varying from 54 to 55 As objections could be seen to the 
reagents used by previous workers, a4 new one was chosen—silver permanganate, a substance 
having the advantages of being obtained pure by crystallisation and also of not being hygroscopic 
The first experiments, in which the salt was decomposed with loss of oxygen, gave discrepant 
results, but good ones were got by titrating the silver by an acid solution of potassium bromide 
all the precautions laid down by Stas for this kind of work being observed. The mean of eight 
concordant experiments was 55°0358, taking oxygen at 16 and Stas's value for silver 107-93 
This is very near the most recent value adopted by the International Committee on Atomic 
Weights, 54°93 (Silver 107-88 
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This piece of accurate work was put forward in Scott's thesis for D.Sc. of Edinburgh 
University (1883). 

Composition of Water by Volume.—Time was found for his researches while in the North, 
and the paper (1888) on the composition of water by volume comes from his laboratory in 
Durham School. In a later paper on the same subject from Cambridge, he refers to this as a 
preliminary note on a subject on which no work has been done since the time of Gay-Lussac 
and Humboldt. 

In Professor Partington’s book on “ The Composition of Water ” (London, G. Bell & Sons, 
1928) will be found a historical account of the earlier work on this subject by Cavendish, 
Lavoisier, Monge, Priestley, Gay-Lussac, and Humboldt and details are given of the experimental 
methods of Dumas, Morley, Scott, and Burt and Edgar. Partington quotes from Scott's paper 
(1894): “ Throughout I have endeavoured to use the simplest apparatus possible and to prepare 
the gases themselves from only the purest materials, and those of the simplest composition that 
I could find, so that no purification should be required and al! unnecessary contact with other 
chemical! substances avoided, to work with an apperatus of glass throughout. so that no diffusion 
could take place, and finally, so to work, that with a given amount of matenals, I might compare 
the gas given off in the first fractions continuously to the last fractions, and thus endeavour to 
detect any possible impurity, either by variation of the ratio, or by actual observation from the 
residual! gas." 

Then follow descriptions of the sources of the hydrogen and of the oxygen, and a sketch of 
Scott's apparatus is reproduced. Partington remarks on the high degree of precision, very pure 
gases being used, the gases measured with great accuracy, their temperature and pressure being 
carefully controlled throughout the experiment, and the analysis of the residual gas being exact 

Examples of typical experiments are given in the paper, and the ratio of oxygen to 
hydrogen by volume is found to be | : 20045 at temperatures of 14° to 18°, both gases being 
measured at the same temperature. If, however, the values for the coefficient of expansion of 
oxygen and hydrogen are taken into account the value of 200285 at 0° is found for the ratio of 
the combining volumes. This value, combined with the value 15°882 for the ratio of densities 
found by Lord Rayleigh, gives the atomic weight of oxygen 15°862, and, if oxygen is taken as 
16, of hydrogen 1-008, the present accepted figure being 10078 

In a very accurate series of experiments in 1915 Burt and Edgar made use of facilities not 
available to Scott, and measured the gases actually at 0° and | atm., thus avoiding the correction 
for expansion. They obtained for the above ratio 1 ; 200288. 

Atomic Weight of Carbon.—In a review of the various determinations of the atomic weight of 
carbon (1897), Scott called attention to discrepancies among these and indicated possible sources 
of error. Already Dewar and Scott (1883) had employed another method —that of titrating with 
silver the bromine in the bydrobromide of triethylamine, but the results were disappointing 
on account of the difficulty of getting pure triethylamine together with a slight tendency of its 
hydrobromide to hydrolyse. 

Scott returns to the subject (1909) when he uses the elegant method of titrating tetra- 
alkylammonium bromides, choosing these because of their relatively stable character and easy 
purification. This paper gives the details of his experiments on titrating tetra-alkylammonium 
bromide with silver and, with the same silver, ammonium bromide. By subtraction the 
equivalent of a hydrocarbon C,H,, is derived. Thus with silver at 10788, the atomic weight of 
carbon is found to be 12-017 from tetramethylammonium bromide, the present accepted figure 
being 12°010, silver being 107880 

By another method in which carbon monoxide and oxygen were exploded in the apparatus 
used for determining the composition of water by volume (1894) a value of 11°90 was deduced 
for carbon (1904). 

From a few experiments (1909) on the combustion of naphthalene and of cinnamic acid, the 
value of the atomic weight of carbon comes out at C — 1200. “ The cause of the discrepancy 
between these results and those derived from the alkylammonium bromides remains stil! to be 
discovered.” 

Atomic Weight of Nitrogen.—By the titration of ammonium chloride and bromide against 
silver Scott obtained results lower than those of Stas, and this has been confirmed especially 
by Lord Rayleigh and by Whytlaw-Gray who, using nitric oxide (/., 1906, 87, 1601), obtained 
14°01, practically the same value as Scott. The most recent International Tables give 
N = 14008. 

Atomic Weight of Teliurium.—This is described as a preliminary notice (1902) and has the 
object of confirming the value for the atomic weight of tellurium, which has arn anomalous 
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position in the Periodic Table in being higher than that of iodine. Scott's method was to make 
careful determinations of the halogens in the stable salts trimethy!telluriam bromide and iodide. 
Taking the values O = 16, C = 12°00, H = 10075, I = 12665 and Br = 79°95 tellurium was 
found to have an atomic weight of 127-7, the value given in the recent tables being 127°61 
Tellurium with its abundance and range of isotopes thus occupies an anomalous position in 
the Periodic Table with regard to iodine which has none. 

Other Papers.—-These are either of general interest such as a new series of mixed sulphates 
of the vitriol group (1897), a new sulphide of arsenic (1900), the vapour density of hydrazine 
hydrate (1904), correction of weighings in air to vacuum (1909); or are descriptions of methods 
for preparing substances used in determination of atomic weight, such as preparation of pure 
hydrobromic acid (1900), of alkyl derivatives of sulphur, selenium, and tellurium (1904), and of 
pure bromine (1013). 

Services to Art and Archa@ology. (By Dx. H. J. Piex~pexteurrn.}—Scott’s contribution to the 
problems of art and archwology was characteristically that of the experimenter and teacher 
rather than the writer of textbooks, and his aim was to discover and publish simple methods of 
treatment that would be safe in the hands of those not having the advantage of a technical or 
scientific background. 

A great source of inspiration was his visit to Luxor for the winter season (1923-—1924) at the 
invitation Howard Carter to act as consulting chemist in devising methods of preserving the 
objects from Tut-Ankh-Amun’s tomb. It was this intimate study of antiquity in the field in all 
its frail beauty and the confidence that science had so much to contribute that provided him with 
the incentive to create a permanent scientific service in the the British Museum 

If primarily concerned with the problems of metallic corrosion or saline incrustations in 
exhumed material, work at the British Museum soon developed important off-shoots scarcely to 
be anticipated in the early days. For example, a body of knowledge was gradually acquired 
which could be applied to differentiate the genuine antiquity from the false or to classify types 
of ethnic culture and solve problems of age and provenance. The value of such work could be 
assessed in terms understood and appreciated by H.M. Treasury. Once established on a 
permanent basis it was possible to afford unstinting help to other institutions, museums, libraries 
and picture galleries 

It was not to be expected that intricate operations would be undertaken by a man of his 
years: what was of lasting value was the standing that science was given in museum and gallery 
circles by his great knowledge, his strong personality and his genius for friendship in all walks of 
life. His advice was sought from every quarter of the civilised world and freely and promptly 
given wherever it would be of value in the interests of art, arch@wology or science. 

This was his contribution : to represent science as the servant of the arts, to disarm suspicion 
where it existed, to demonstrate what might by this fruitful liaison be achieved and thus to lay 
the foundation for a partnership between art and science of mutual benefit for all time. 


Alexander Scott died at Ringwood, Hampshire, on 10 March 1947. In 1006 he married 
Agnes Mary, daughter of Dr. W. J. Russell, F.R.S., and leaves no family. 


In the preparation of this Notice, | have been indebted to Dr. Scott's widow and his family 
for biographical material, and very notably to Dr. H. J. Plenderleith, Scott's successor as Director 
of the British Museum Laboratory, for his contribution on the period 1919 to 1938, and for his 
appreciation of Scott's ‘ Services to Art and Arch@wology.”’ 
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